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stations. In the first case we should take into consideration the position or the 
various towns and other inhabited districts situated near the intended road, and its 
course would be, to a certain extent, controlled thereby ; while, in the second case, 
we should simply examine the physical character of the country, and base all 
our proceedings on the result. 

Whichever of these two cases, however, may have to be dealt with, in the ultimate 
selection and adoption of the line of road between thosP points which are fixed by 
other circumstances, the same careful exarainatioh of physical character of the 

principles should control the choice. 

of the first points which must 
but if we extend 
even in the most apparently 
"We shall find the 


country should be made, and the same 

In^ examining almost any tract of, country, one 
attract our notice is the unevenness or undulations of its surface 
our observation a little further, we shall perceive, 
irregular countries, the same general principle of conformation, 
country intersected in various directions by rivers decreasing in size as they leave 
then- point of discharge ; from these main rivers we shall find lesser ones branching 
ofif on both sides, and running right and left through the country, and from these 
again still smaller streams and brooks ; furthermore we shall find the ground falling 
in every direction towards these natural watercourses, forming a ridge, more or less 
elevated, running between them, and separating from each other the districts drained 
by each separate stream. 

In all cases Jt should be the first business of a person, engaged in laying down a 
line of road, to make himself thoroughly acquainted with all these features of the 
country : he should possess himself of a plan or map, shewing accm^tely the course 
of all the rivers, and principal watercourses, and upon this former mark 

the lines of greatest elevation, or the ridges separating the s^rid "valleys through 
which they flow ; it would also be of peculiar service if the plan contained contour 
lines s1(iewing the comparative levels of any two points, and the rates of declivity of 
every ^rtion of the country’s surface. The system of shewing upon plans the levels 
of the ground by means of contour lines is one of much utility, not only in the 
selecrion of roads and all other lines of communication, but in the drainage of 
towns M as their supply with water# in the drainage and<irrigation of lands, and 
for alimoib ’SH ptnpos^**'' ' ^ I 'i I*"' 1 - 

The annexed plan (fig. 2) shews atu imaginary ti^‘d|;<Sol&ry, to illustrate more 
clearly the mode of shewing by means of contour lines the, physical features which 
may belong to it. The hatched line, e f g h i, is supposed to be 'the* devoted mdge# 
encircling the valley shewn in the plan ; the fine black lines are contoi^ ''irues, 
indicating that the ground over which they pass is at the altitude above some known 
mark expressed by the figures placed against them in the margin; and it wilt hfe 
observed that these^ lines, by their greater or less distance, produce the effect of 
shading, and rnake apparent to the eye, at one view, the undulations and irregu- 
larities in the surface of the country. 

In laying out a line of road there are three cases which may opqur, and each of 
these is exemplified in the plan (fig. 2) ; first, the two places to be pcmecfed may be 
both situated in the same valley, and upon the same side of ft, that is, hot separated 
from each other by the main stream which drains the valley, as the ibwhs a and b on 
the plan, and this is ihe simplest case which can occur; secondly,'Ahough both in 
the same valley, they may be bn the opposite side of the vailey, M a and c, being 
separated by the main river; thirdly, they may he rituated in ^flpferent valleys, so as 
to he separated by an intervening ridge of ground more Idis :ele^tedi as a and tn 
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afterwards to lay down the general principles whicli should determine our choice of 
them. , ' ' 

Before doing so, however, we should perhaps observe, although it must be almost 
obvious to all, that the most perfect condition of a road is that in which its course is 
perfectly straight and its surface perfectly level ; and that, all other things being the 
same, that is the best road which approaches nearest to this state. 

Now, in the first case supposed (that of two towns situated on the same side* of the 
main valley), there are two methods which might be pursued in, forming a communi- 
cation between them : we might either mahe a road following the toec^ Ipe between 
them, shewn by the thick dotted line ab, or we might adopt a line which should 
gradually and equally incline from one town to the other, supposing them to be at a 
different level, or if at the same, keeping at that level throughout its entire course, 
and following ail the sinuosities and curves which the irregular formation of the 
country might render necessary for the fulfilment of these conditions. And in the 
first method (that of a direct line between the two places), we might either form a 
level or equally-inclined road from one to the other, forming embankments and 
cuttings where necessary to attain these objects, or we might avoid these expensive 
works and make the surface of the road conform to that of the country. Now, of all 
these the best is the straight and equally-inclined (or level, as the case may be) road, 
although at the same time it is the most expensive; and if the importance of the 
traffic passing between the places is not sufficient to warrant so great an outlay, it 
will then become a matter of consideration whether the course of the road should be 
kept straight, its surface being made to undulate with the natural face of the country, 
or whether, a level or equally-inclined line being taken for its surface, the course of. 
the road should be made to deviate from the direct line, and follow the winding 
course which such a condition is supposed to necessitate. 

In the second case, that of t wo places situated on opposite sides of the same valley, 
we have in like manner the choice of a perfectly straight line to connect them, which 
would probably require a heavy embankment if the road were kept level, or steep 
inclines if it followed the surface of the country j or we may, by winding the road, 
carry it across the valley at a higher point, where, if the level road were taken, the 
embankment would not be so high, or, if kept on the surface, the inclination would 
be reduced. v 

In the third case, we have in like manner the alternative of carrying the road 
across the intervening ridge in a perfectly straight line, or of deviating to the right 
or left, and crossing at a point where the ridge is less elevated. 

In all these cases, the proper determination of the question, which of these courses 
is the best under certain circumstances, involves one of the most difficult points to ’ 
solve, which is, the comparative advantages and disadvantages of inclines and curves; 
that is, what additional increase in the length of a road would be equivalent to a 
given inclined plane upon it, or conversely, what inclination might be given to a road 
as an equivalent to a given decrease in its length. In order to a correct solution of 
these questions, it is requisite that we should know the comparative force required to 
draw diffierent vehicles with given loads upon level and variously-inclined roads. We 
shall, therefore, before proceeding further, investigate this subject, and shew the 
manner in which we may determine the tractive force reqiured upon roads of any 
given inclination. 

It has been attempted to investigate mathematically the resistances which oppose 
themselves to the motion of various descriptions of vehicles drawn along horizontal 
roads, whose surfaces were formed of different materials and in different states of 
smoothness. No satisfactory result, however, has been obtained, because we are 
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upon a similar road covered with stones wnicn are r— 

forced down into the soft road by the wheel passing over them ; or upon a stone 
pavement, such as is common in the streets of towns, laid with more or less regularity, 
Ld in passing over which the resistance is felt in jerhs, as the wheels hound from 
stone to stone. Many other cases might be mentioned, in which we should he equally 
at a loss to assign a correct value to the resistance which would he expenenced by a 
carriage drawn along the particular description of road supposed. Although, there- 
fore, some of the attempts which have thus been made have been very ingemous, and 
have shewn the mathematical skill of the investigator, they have done little besides, 
and would he out of place in the present article. In cases of this description, i 
best practical method of proceeding is by experiments sufficiently careful and exten- 
sive to determine the amount of resistance, in each particular c^e, from which we 
may then determine an empirical formula or rule, which will enable us to gener^ize 
the results of our experiments, and apply them with sufficient accuracy for practical 

purposes to any particular case. , ir • 

The following are the general results of the experiments made by M. Monn up 
this subject, at the expense of the French Government ^ ,. i . 

1st. The traction is directly proportional to the load, and inversely proportional to 

the diameter of the wheel. _ j t 

2nd. Upon a paved or hard macadamized road the resistance is independent of the 

width of the tire, when it exceeds from three to four inches. 

3rd. At a walking pace the traction is the same, under the same circumstances, for 

carriages vrith springs and without them. _ 

4th. Upon hard macadamized and upon paved roads the traction increases with 
the velocity ; the increments of traction being directly proportional to the increments 
of velocitv above the velocity 3-28 feet per second, or about 2i miles per hour. The 
equal increment of traction thus due to each equal increment of velocity is less as the 
road is more smooth, and the carriage less rigid or better hung. ■ 

6th. Upon soft roads of earth, or sand or turf, or roads fresh and thickly gravelled,- 

the traction is independent of the velocity. 

■ 6th. Upon a well-made and compact pavement of hewn stones, the traction at a 
walking pace is not more than three-fourths of that upon the best macadamized roads 
under similar circumstances ; at a trotting pace it is equal to it. 

7th. The destruction of the road is in aU cases greater as the diameters of the 
wheels are less, and it is greater in carriages without than vrith springs. 

The next experiments which we shall quote are those of Sir John Macneill,* made 
With an instrument invented by him for the purpose of measuring the tractive force 
required on different descriptions of road, under various circumstances. The general 
results which he obtained are given in the following Table, the numbers in which 
exhibit the tractive force requisite to move a weight of a ton, under ordinary circum, 
ststices. at a verv low velocity upon the several kinds of road mentioned. 


* Sir H, Parnell on Roads, p. 73. 
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Force, in 
ibs., re- 
quired to 
move a ton. 

33 

46 

65 

r 14-7 

Sir JoMn Macneill has also given the follovring arbitrary formulae for calculating 
the resistance to traction on various kinds of roads : they have been deduced from a 
considerable number of experiments made on the different kinds of road specified 
belovir, with carriages moving at various velocities. Putting E for the force required 
to move the carriage, W the weight of the carriage, w that of the load, all expressed 
in tfes., V the velocity in feet per second, and c a constant number, -which* depends 
upon the surface over which the carriage is dra-wn, and the value of -which for several 
different kinds of road is as follows— 


Description of Eoad. 


On a well-made pavement . .. .. .. ............ .. 

O n a road made -with 6 inches of broken stone of great hardness, T 
laid either on a foundation of large stones, set in the form of > 
a pavement, or upon a bottoming of concrete .... . . , , . , J 

On an old flint road, dr a road made with a thick coating of) 

broken stone, laid on earth . . * . J 

On a road made with a thick coating of gravel, laid on earth , . . 


On a timber surface . . .... . . . . . . . . c = 2 

On a paved road . . . ... , . . . . . . . . „ 2 

On a well-made broken stone road, in a dry clean state . , „ 5 

On a well-made broken stone road, covered with dust . . . „ 8 

On a well-made broken stone road, wet and muddy . . . „ 10 

On a gravel or flint road, in a dry clean state . . . . . . ,, 13. 

On a gravel or flint road, in a wet muddy state . . . . . „ 32 

we have, in the case of a common stage waggon, 

_ W 4- w w . 

®=~9r- + « + • • • • • • • • • \ ^ 

and in the case of a stage coach, 

_ W 4- w w . 

loo" + « + • • • • • (2.) 

These formulse, being reduced to verbal rules for the convenience of those not 
conversant with algebraical expressions, are as follow^s: 

Eule. — D ivide the weight of the carriage when loaded, in tbs., by 93 if a waggon, 
or 100 if a coach, and to the quotient add ^th of the weight of the load only ; the 
sum, added to the velocity in feet per second, multiplied by the proper number 
taken from the above Table for the particular kind of road, will give the force in tbs. 
required to draw the carriage at the given velocity upon that description of road. 

For example: what force would he requisite to move a stage coach weighing 
2060 lbs., and having a load of 1100 ibs., at a velocity of 9 feet per second, along a 
broken stone road covered with dust ? 

Here we have 


2060 + 1100 1100 ^ 

+ — + 8 . 9 . 


= 13M ibs. for the force required. 


We next pass on to consider the additional resistance which is occasioned when 
the road, instead of being level, is inclined in a greater or less degree. In order to 
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simplify the question, let us suppose the whole weight to be supported on one pair 
of wheels, and that the tractive force is applied in. a direction parallel to the surface 
of the road* On this supposition let a b (fig. 3) represent a portion of an inclined 
road, c being a carriage just sustained in its posi- 
tion by a force acting in the direction c d : now it 
is evident that the carriage is kept in its position 
by three forces ; namely, by its own weight (equal 
w) acting in the vertical direction cf, by the 
force (equal f) applied in the direction c d parallel 
to the surface of the road, and by the pressure 
(equal p) wliich the carriage exerts against the 
surface of the road acting in the direction ce, 
perpendicular to the same. To determine the 
relative magnitude of these three forces, draw the horizontal line a g, and the vertical 
one B G ; then, since the two lines c f and b g are parallel, and are both cut by the 
line A B, they must make the two angles c f b and a b g equal ; also the two angles 
c E F and a G B are equal, being both right angles ; therefore the remaining angles 
FCE and bag are equal, and the two triangles cfe and abg are similar. 
And as the three sides of the former are proportional to the three forces by which 
the carriage is sustained, so also are the three sides of the latter, namely, a b, or the 
length of the road is proportional to w, or the weight of the carriage, b g, or the 
vertical rise in the same to f, or the force required to sustain the carriage on the 
incline, and a g or the horizontal distance in which this rise occurs to p, or the 
force with which the carnage presses upon the surface of the road. 

We have, therefore, 

W:AB: :F:GB, 


andW : AB ; : P : AG. 


And if we make a g such a length that the vertical rise of the road is exactly 1 foot, 
we shall have 




W 


w 


and P 


AB VAG-^+1 
W.AG W.AG 


“ W . sin ^ 


. (3.) 


AB VAG2+i 


= W . cos i3 . 


( 4 .) 


in which j3 is the angle bag. 

These formulae reduced to verbal rules are as follows : 

To find the force requisite to sustain a carriage upon an inclined road {the effects 
of friction being neglected)^ divide the weight of the carriage, including its load, by 
the inclined length of the road, the vertical rise of which is 1 foot, and the quotient 
is the force required. 

To find the pressure of a carriage against the surface of an inclined road, multiply 
the weight of the loaded carriage by the horizontal length of the road, and divide 
the product by the inclined length of the same; the quotient is the pressure 
-'■required*'' 

Example, — ^What is the force required to sustain a carriage weighing 3270 ibs. 
upon a road the inclination of which is 1 in 30, and what is the pressure of the 
same upon the surface of the road? 

Here the horizontal length of the road (A G) being 30, the inclined length 
(AB == +1) is 30‘017, and we have, by the first rule, 3270 30*017 ~ 
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108*93ifes. for the force required to sustain the carriage on the road; and, by the 
second rule, (3270 x 30) ^ 30*017 3260*9 tfes. for the pressure of the carriage 

upon the surface of the road* 

Since the pressure of a carriage on a sloping road is found by multiplying its 
weight by the horizontal length of the road and dividing by the inclined length, and 
as the former is always less than the latter, it follows that the force with which a 
carriage bears upon an inclined road is less than its actual weight, as will be seen in 
the foregoing example, in which it is about 2 fts. less : unless, however, the inclination 
is very steep, it is not necessary to calculate the pressure, which may he assumed to 
be equal to the weight of the carriage. 

If R expresses the resistance which has to he overcome in moving any particular 
carriage at a given rate upon a horizontal road, then R + F will be the resistance 
upon ascending a hill, and R - F upon descending a hiU, with the same velocity, in 
both cases neglecting the decrease in the weight of the carriage produced by the 
inclination of the road. Taking, however, this decrease into consideration, the 
following modiftcation in the formulae (1) and (2) will be requisite to adapt them to 
au inclined road— - 

R :=a +• - \ . cos i3 + (W 4* w) . sinjS + cv . , . . (S.) 

V 93 40/ 

in the case of a common stage waggon, and in that of a stage coach, 

R- + ~y . cos j8+ (W + . sin i3 + * (6.) 

V 100 40/ 

the upper sign being taken when the vehicle is drawn down the incline, and the 
lower when it is drawn up the same. 

Neglecting the decrease in the weight of the carriage, in order to ascertain the 
resistance in passing up or down a hill, we have only to calculate by the rule already 
given at page 305, the resistance on a level road, to which, if the carriage ascends the 
hill, we must add, or if it descends, subtract, the force requisite to sustain the carriage 
on the inclined road, calculated by the rule already given: the sum or difference, as 
the case may be, will express the resistance required. 

As an example, let us take, as before, the case of a stage coach weighing 2060 lbs., 
besides a load of 1100 ibs., and having to be moved at a velocity of 9 feet per second, 
along a broken stone road whose surface is covered with dust, and inclined at the 
rate of 1 in 30. * 

Then the force to sustain the coach on this slope will be 

5g£ = 105-3 tbs.! 

which, added to the force already found at page 305 as being requisite to move the 
same coach on a level road, will be (105*3 + 131*1 236*4 ffes. for the force 

required to move the coach with a velocity of 9 feet per second Mjy an inelinktion of 
1 in 30, and subtracted from the same, will he (13i*l — 105*3 =«) 25*8 tbs., the force 
required to move the coach with the same velocity down the same inclination. 

The same example worked by formula (6) will give 
/2060 + 1100\ 

\ Too ) + 8 x 9 = 236*3 lbs. 

when the carriage is drawn up the incline, and 


/2060 + 1100\ 


(2060 + 1100) *0333 + 8 x 9 =* 25*84 ibs. 
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when the carriage is drawn down the incline, the result being the same as that given 
by the rule. 

The following Table has been calculated in order to shew with sufficient exactness 
for most practical purposes the force required to draw carnages over inclined roads, 
and the comparative advantage of such roads and those which are perfectly level. 
The first column expresses the rate of inclination, and the second the equivalent 
angle ; the two next columns contain the force requisite to draw a common stage 
waggon weighing with its load 6 tons, at a velocity of 4*4 feet per second (or 3 miles 
per hour) along a macadamized road in its usual state, both^when the hill ascends 
and when it descends ; the fifth and sixth columns contain jthe length'of level road 
which would be equivalent to a mile in length of the inclined road, that is, the length 
which would require the same mechanical force to be expended in drawing the 
waggon over it as would he necessary to draw it over a mile of the inclined road. 
The four next columns contain the same information as the four last described, only 
with reference to a stage coach supposed to weigh with its load 3 tons, and to travel 
at the rate of 8*8 feet per second, or 6 miles per hour. 

The Table may be also considered as affording a view of the comparative 
disadvantage of hilly roads with light and heavy traffic ; the stage waggon, weighing 
6 tons and travelling at the speed of 3 miles per hour, may he taken as a fair average 
for goods traffic, and the stage coach, weighing 3 tons and running 6 miles an hour, 
for passenger traffic. From the Table we perceive that hills act much more 
unfavourably on the former than on the latter. The force which would be requisite 
to move the waggon on a level road would be 264 lbs., and that to move the coach 
302 lbs., being an excess of 98 tbs. or the traction of the coach ; but with a road 
inclined at the rate of 1 in 600, this excess is only (373 — 286 =) 87 ibs., and when 
the inclination of the road amounts to about 1 in 70 the forces required to draw them 
become equal : as the inclination of the road increases beyond this, the excess of the 
force requisite to draw the w^aggon over that necessary to move the coach increases 
rapidly (as will be seen in the Table), until, at an inclination of 1 in 7, it amounts to 
(2162-1308 =) 854 lbs. 

If we compare the forces required to draw either the waggon or coach up and 
down any given incline, we shall find that the former is as much greater than tlie 
force required on a level road as the latter is less than the same : it might thence be 
concluded that in the case of a vehicle passing alternately along the road, no real loss 
would be occasioned by the inclination of the road, since as much power would be 
gained in the descent of the hill as was lost in its ascent. Such is not, however, 

, practically the fact, for while the inclinations of the road render it necessary in the 
ascending journey to have either a greater number or more powerful horses than 
would be requisite if the road were entirely level, no corresponding reduction can be 
made in the descending journey ; we must still have horses sufficient to draw the 
vehicle along the level portions of the road; nor will (generally speaking) the horses 
have less to do in descending the hill, since they have frequently to push back, to 
prevent the speed of the coach becoming accelerated beyond the hounds of safety. 

In a practical point of view, therefore, we may consider that the fifth and ninth 
columns in the following Table express the length of level road which would be 
equivalent to a mile of road with the stated inclination, the former giving the result 
for heavy traffic, and the latter for passenger traffic. Opposite 1 in 75, we find in 
the ninth column 1*247 mile, or nearly a mile and a quarter, stated as the length of. 
a road having that inclination which would be equivalent to one mile of a similar 
road perfectly level, because the same force would be requisite tp move a coach 
and load of 3 tons at a velocity of 6 miles per hour along one as along the other. 
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Although, however, they might be considered equal as far as the power requisite for 
tracticm was concerned, in other respects one might be more advantageous than the 
other ; as, for instance, the shorter road would cost least for repairing, and would 
occupy least time in being passed over. The Table, therefore, merely expresses the 
equivalent length as far as the mechanical power required for the traction is 
concerned ; the relative merits in other respects depending generally upon so many 
various circumstances as to render it quite impossible to lay down any specific rules 
for their determination. 

We shall now return to the subject of the selection of route, and proceed to explain 
the course which should be pursued to obtain the requisite data, to enable a correct 
determination to be arrived at. 

In laying out a new line of road, the first proceeding is usually, after a general 
examination of the country, to lay down upon the best map which can be procured 
one or more lines, for the purpose of being more carefully examined. If possessed 
of a contour map of the district, such as we have described, this proceeding will be 
greatly facilitated ; we shall, however, suppose that such is not the case, since there 
are very few instances in which a road-maker would be likely to find such a plan for 
his use. His next proceeding should be, to make an accurate survey of the lands 
through which the several lines that he has sketched out pass, which should be 
afterwards plotted, or laid down to such a scale as will allow the smallest features to 
he shewn with sufficient accuracy and distinctness : a scale of 10 chains to the inch 
for the open country, with enlarged plans of towns and villages upon a scale of 3 
chains to the inch, will generally he found sufficient. Careful levels should also be 
taken along the course of each line, and at certain distances (depending upon the 
nature of the country) lines of levels should be taken at right angles with the original 
line. In taking these levels the heights of all existing roads, rivers, streams, or 
canals, should be noted, and lench marks should be left at least every half mile, that 
is, marks made on any fixed object, such as a gate-post, or the side of a house or 
barn, &c., the exact height of which is ascertained, and registered in the level-hook, 
so that, in case of a deviation being made in any portion of the line, the levels of 
that part may be taken without the necessity of again going over the other parts of 
the line. A section should be formed from these levels, having the same horizontal 
scale as the general plan, and such a vertical scale as will shew with distinctness the 
inequalities of the ground: if the horizontal scale is 10 chains to the inch, the 
vertical scale may be 20 feet to the inch. 

Fig. 4 (p. 312) is supposed to be such a plan as we have described, plotted on a scale 
of 10 chains to the inch, and shewing a district through which it is wished to form 
a road : we have shewn one line running nearly straight across the plan, and a de- 
viation therefrom, which, although longer, would run on more favourable ground. 
Figs. 5 and 6 (pp. 313, 314) are sections shewing the levels of the surface, the former 
on the straight line, and the latter on the deviation from it. We have shewn in 
these sections and on the plan the information which will be requisite in enabling the 
Engineer to lay down the course of the road, and to arrange the position and dimen- 
sions of the various culverts, bridges, and other works belonging to the same. 

By reference to these drawings, it will be seen (fig. 4) that the straight line has 
to cross a stream at b, and the river twice at c and n ; and also that it must pass 
from B to over a swamp or morass of such a nature that, if a solid embankment is 
formed, it is probable that a very large quantity of ground will he absorbed beyond 
what the section would indicate ; added to which, from the river being liable to be 
flooded, it will be necessary to form bridges with several capacious openings at those 
points where the intended road crosses the river. These disadvantages attending the 
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more obvious route would induce tbe Engiiieer to sketch out some other line, by 
which they would be avoided. And he would then have the levels taken, and the 

requisite information, to enable him to choose between the two. 

The manner in which the sections should be drawn, and the information to be 
given upon them, are shewn in figs. 5 and 6. In addition to which the following 
data should be obtained, and entered either in the survey field-book or in the level- 

book. ^ , 

At the point b (fig. 4) the line crosses a stream 8 feet in width and 1 foot* deep; 
in flood this stream brings down a considerable quantity of water. 

At the point c on the section the river is much narrower and not so deep as at 
other places, in consequence of a great portion of its waters finding a passage through 
the marshy ground on either side. Its width is 16 feet, and its depth 2 feet; the 
velocity of its current is 95 feet per minnte; the height of its surface at the present 
time is 30-10 feet above the datum ; and the angle of skew which the course of the 

stream makes with the line of the road is 62 degrees. 

At the point o the river is 27 feet wide, and 2^ feet in depth ; its velocity 87 feet 
per minnte ; the height of its surface above the datum 29*96 feet; and the angle of 
skew 49 degrees. 

The ground from b to b is of a very soft boggy nature, and Ml of water. 

The height to which the river has risen during the highest flood known, at the 
bridge at f on the plan, is 35 feet above the datum ; the waterway at that time was 
90 feet and the sectional area of the openings through which the water then flowed 
was 550 square feet. The same flood at the lower bridge, at o on the plan, was 
35’3 feet above the datum ; the waterway was 102 feet, and the sectional area nearly 
600 square feet. 

The deviation line only crosses one stream at m on the plan and section. The 
present width of this stream is 15 feet, and its depth 18 inches ; but in times of flood 
it rises to the same height as the river and brings down a large body of water. The 
present height of its surface above the datum is 31*25 feet, and the angle which its 
course makes with the line of road 85 degrees. 

We have introduced the foregoing in order to shew the kind of data which should 
be obtained by those engaged in taking the levels and survey for road-making,* 

A cross section should also be taken of each of the existing roads near their junc- 
tion with the intended road ; the use of which is to shew to what extent, if any, the 
levels of the existing roads might be altered, the better to suit that of the new 
■road. 

Possessed of the sections, figs. 5 and 6, we next proceed to lay down the line of the 
road, or, in other words, to determine the levels at which it shall he formed. As it 
is desirable that the road should always be dry, it should he at least a foot above the 
level of the flood; and if kept at 37*25 feet above the datum, which is the height of 
the existing road at i, we shall eifect this object. Upon drawing a line at this level 
upon the section, we perceive that an embankment will have to he formed from the 
road at i, across the valley to the point where this line meets the ground at k, and 
that the remainder of the road from k to h will he in a cutting. Now the obvious 
principle, in arranging the levels of a road, would be so to adjust the cuttings and 
embankments that the ground taken from one should form the other. In the present 
instance, however, this is impossible, because the level of the road is determined by 
other circumstances, and necessitates the formation of a very long embankment with 

* The information relative to the rivers crossed, such as is given above, should always be obtained, 
in order that the bridges constructed over them may be adequate for the passage of the water brought 
down in time of floods. 
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Will commence wm lie 200 feet from h, the difference of level being 4 feet. We have 
therefore to add to the other disadvantages already mentioned, as belonging to the 
straight line of road, that of requiring the formation of a large embankment, and the 
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necessity of making an excavation in some ofher place, to atford the earth for that 
purpose. ■ , , ' ■■■ ' ■ ■ ■ ■ 

We will now examine the section of the deviation line, and see what improvement 
can be thereby effected. We must, as before, keep the level of the lowest portion of 
the road 37*25 feet above the datum ; and if we draw a line at that level on the 
section, fig. 6, we shall find that the quantity of embankment is very much reduced, 
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and that there will now he no difficulty in adjusting the cutting between h and l, so 
as exactly to afford the amount of filling required. A few trials will shew that if 
the line he kept at the same level until within 16 chains of h, and then carried up 

• F%. 6. 




at a regular inclination, this object will he effected, and that the amdunt of cutting 
and embankment will be very nearly equal. This latter will therefore be the line 
which the Engineer would select as the best j and having done so he would proceed 
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to mark tke course of the road ou the ground, by driving a stake into the ground on 
its centre line at every chain (or 66 feet) ; he would then take very careful levels of 
the height of the ground at every one of these points, and at any intermediate point, 
where any undulation or change of level occurred, and wherever the level of the 
ground varied to any extent in a direction at right angles with the course of the road, 
he would take levels from wliich to make transverse or cross sections of the ground. 

From these levels a working section should be made, having a horizontal scale of not 
less than 5 chains to the inch, and a vertical scale of 20 feet to the inch ; a portion of the 
section plotted to these scales is shewn in fig* 7 : the level of the surface of the ground 
above the datum, at every chain at the points where stakes have been driven into the 
ground, should be figured in on the section, as shewn in the column a, and the depth 
of cutting or height of embankment, at the same points, should he given in another 
column, B. This last column is obtained by taking the diiference between the level 
of the surface of the ground and the level of the road. It vriU be observed that upon 
the section there are two parallel lines drawn as representing the line of road: the 
upper line is intended to represent the upper surface of the road when finished, while 
the lower thick line represents what is termed ih.e formation rnfface^ or the level to 
which the surface of the ground is to be formed, to receive the foundation of the 
road : in the section we have made the formation 15 inches below the finished 
surface of the road, which will therefore be the thickness of the road itself. All the 
dimensions on the section are understood to refer to the formation level; and the 
height of the latter above the datum should be figured in wherever a change in its 
rate of inclination takes place, which should be marked by a stronger vertical line 
being there drawn, as shewn at c. 

When the cuttings are of any depth, ^mfpits should he sunk at about every 10' 
chains to the depth of the intended cutting, in order to ascertain the nature of the 
ground, and to determine the slopes at which the sides of the cutting would safely 
stand; and also at what slopes the same earth would stand when formed into the 
embankments. The cuttings and embankments should then be numbered on the 
section, and the slopes intended to he given to each stated upon the same. The 
contents of the cutting or embankment, that is, the number of cubic yards which will 
have to be moved for its formation, with the intended slope, should then be calcu- 
lated and stated upon the section. The manner of calculating these quantities will 
be subsequently explained. 

Wherever rivers or streams are crossed, bridges or culverts must be introduced, 
and of these detail drawings should be prepared, and reference made to them on the 
working section. 

A working plan should also be constructed on the same horizontal scale as the 
section, upon which the position of the centre stakes should be shewn; and on this 
plan the road should be drawn in of its correct width on its upper surface, and 
another line shewing the foot of the slopes. The stakes on the plan should be 
numbered consecutively, to facilitate reference to any part of the line, and the width 
of land required at every stake should be calculated in the manner which we are about 
to describe, and entered in a kind of Table, from which the width of land required for 
the purpose of the road may be ascertained at every chain. We will suppose that in 
the present case the finished width of the road itself is to be 40 feet, and that an 
additional 6 feet will he required on each side for the ditch and bank; we have then 
26 feet as the side width of the road without any slopes, or where the road is on the 
same level as the ground, and we shall observe that in the Table in p. 317, wherever 
there is no cutting or embankments (as at stakes Nos. 1 and 30), this is the width 
given in the fourth column. To find the heights at the other stakes, we must add to 
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the fourth colmun. After the 21st stake we leaye the cutting, and the ratio of the 
slopes then becomes 1|- to 1 ; we have then to add one and a half times the height 
of the embankment, and then in like manner obtain the numbers in the fourth 
column. 


No. of 
stake on 
the plan. 

Depth of 
cutting, 

Height of 
embank- 
ment, 

Distance of 
side fence 
from cen- 
tre line. 

No, of 
stake on 
the plan. 

Depth of 
cutting. 

Height of 
embank- 
ment. 

Distance of 
side fence 
from cen- 
tre line. 


Feet. 

Feet. 

Feet. 


Feet, 

Feet. 

Feet. 

1 

0*00 

, — 

26*0 

17 

2*33 

■ 

28*3 

2 

0-58 


26*6 

18 

2*52 

— 

28*5 

3 

0-93 


26*9 

19 

2*20 

— 

28*2 

4 

1-20 


27*2 

20 

1*60 

— 

27*6 

5 

1*56 


27-6 

21 

0-75 

— 

26*8 

6 

1*91 



27*9 

22 

■ . 

0*55 

26*8 * 

y 

'2*04 

, ' ■ 

28*0 

23 

— 

2*20 

29*3 

8 

1*87 

' ' ■ 

27*9 

24 


3-52 

31*3 

"'9' ■■■' 

1*90 



27*9 

25 



4*00 

32*0 

10 

2*07 


28*1 

26 

— - 

3*79 

31*7 

11 

2*17 

' 

28*2 

27 

. ' ■■ 

2*60 

29*9 

12 

2*35 : 


28*4 

28 

. . ; 

1*25 

27*9 

13 

2*30 

■ 

28*3 

29 

— - 

0*30 

26*5 

14 ' 1 

2*25 



28*3 

30 

. ' 

0*00 

26*0 

15 

16 

2*50 

2*05 


28*5 

28*1 

31 


0*33 

26*5 


After ascertaining the side widths as above, the next operation is to set out the 
same on the ground, driving in another stake at every chain at the Correct distance 
on each side of the centre one. A grip about 4 or 5 inches wide should then he cut 
from stake to stake, so as to mark both the centre and sides of the road upon the 
ground by a continuous line. The side lines thus set out, it must be remembered, 
are not the foot . of the slopes, hut include 6 feet on each side for a hank and ditch ; 
another stake should therefore be driven at every chain, 6 feet within the outer stakes 
on each side, and another grip cut to mark the foot of the slopes. 

A strong post should next he fixed into the ground upon the centre line wherever 
a change in the inclination of the road takes place (as at the 17th stake in the pre- 
sent instance), upon which a cross piece should he placed at the intended height of 
the formation surface of the road, and intermediate heights should be put up at such 
distances as will enable the workmen to keep the embankments to their proper level. 
In cuttings, pits must be sunk in a similar manner, at certain intervals, to the depth 
of the formation surface, to serve as guides to the excavators in forming the cutting. 


SECTION II. — ON THE SECTION OF KOADS. 


I Where hills or gradients are necessary, they should he made as easy as possible; 

' although with all hills a certain amount of additional power must he required to 

; divw a carriage up them, so long as the inclination is within certain limits, the hilly 

road may be considered as safe as a level one would he. This limit depends upon the 
t natii-e and condition of the surface of the road, and is attained in any particular case 

? when the inclination of the road is made equal to the limiting angle of resistance for 

the materials composing its surface, — that is, when it is such that a carriage, once set 
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in motion on the road, would continue its descent without any additional force being 
applied. As soon as this limit is passed, the carriage would descend with an accele- 
rated velocity, unless the horses or other moving force were employed to restrain it ; 
and although in such a case the use of a drag, by increasing the resistance, would in 
a measure obviate the danger, yet the injury done to the surface of the road by the 
use of the drag renders it desirable to dispense with it altogether. The following 
Table, taken from the second volume of the * Rudiments of Civil Engineering,^ shews 
the rate of inclination at which this limit is attained on the various kinds of roads 
mentioned in the first column. The values of the resistances on which this Table is 
calculated are those given by Sir John Macneill, and already quoted at page S05. 


Description of the Road. 


Well-laid pavement 

Broken stone surface on a bottom of rough 1 

, pavement or concrete j 

! Broken stone surface laid on an old flint road 
I Gravel road I 




Greatest incli- 

Force in Jtis. 

Limiting? 

nation which 

required to 

anprle of 

should be ^iven 

move a ton. 

resistance. 

to the road. 

33 

0 / 

0 50 

1 in 68 

46 

1 11 

1 in 49 

65 

1 40 

1 in 34 

147 

3 45 

1 in 15 


The Table of Gradients (p. 319) will be found of considerable value in laying out 
and arranging roads ; the first column contains the gradient, expressed in the ratio of 
the height to the length ; the two next, the vertical rise in a mile and a chain 
respectively ; the fourth column, the angle (j3, page 306) of inclination with the hori- 
zontal ; and the last column, the sine of the same angle, which is inserted for facili- 
tating the calculation of the resistances occasioned by the gradient. 

We next come to the subject of the width and transverse form which should he 
given to roads. As regards the first, the width to be given to the road, we should 
certainly recommend a wide road ; it is an error to suppose that the cost of repairing 
a road depends entirely upon the extent of its surface, and consequently increases 
just as we increase its width ; the cost per mile of road depends more upon the 
extent and nature of the traffic, and unless extremes be taken, it may be asserted 
that the same quantity of material would he necessary for the repair of a road, 
whether wide or narrow, which was subjected to the same amount of traffic : with 
the narrow road, the traffic, being confined more to one track, would wear the road 
more severely than when spread over a larger surface ; the expense of spreading the 
material over the wider road would be somewhat greater, but the cost of the mate- 
rials might be taken as the same. One of the advantages of a wide road is that the 
wind and sun exercise more influence in keeping its surface dry. The first cost of a 
wide road is certainly greater than that of a narrow one, and that nearly in the ratio 
of its increased width. 

For roads situated between towns of any importance, and exposed to much traffic, 
the width should certainly not be less than 30 feet, besides a footpath of 6 feet ; and 
in the immediate vicinity of large towns and cities, the width should be still further 
increased. No specific rules can, however, be given for the width in such situations; 
experience will soon shew -what width is requisite in any given situation. 

The form to be given to the cross section of a road is a subject of much import- 
ance, and one upon which much difference of opinion exists. Some advocate a con- 
siderable curvature in the upper surface of the road, with the view of facilitating the 
drainage of its surface; while others (and that the majority) are averse to a road 
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Being mucB curved, for reasons hereafter stated. Again, it is the practice of some to 
form the road on a flat surface transversely; while others propose giving a dip to 
the formation surface each way from the centre, on the supposition that the drainage 
of the road will be thereby facilitated. 


Gradient. 

rS; 

a 

c« 

■ .3' 

0 

•43 

Vertical rise in a chain. 

Angle (jS) which gra- 
dient makes with the 
horizontal. 

Sine of angle 

Gradient, 

Vertical rise in a mile. 

Vertical rise in a chain. 

Angle ( 0 ) which gra- 
dient makes with the 
horizontal. 

cd 

. . 0; 

60 

■§ ■ ■ 

0 

lin 10 
„ 11 
,, 12 
„ 13 
„ 14 
„ 15 
„ 16 
„ 17 
„ 18 
„ 19 
» 20 
,, 21 
„ 22 
„ 23 
» 24 
25 

„ 26 
„ 27 
„ 28 
„ 29 
„ 30 
„ 31 
» 32 
„ 33 
„ 34 
„ 35 
„ 36 
„ 37 
„ 38 
„ 39 
» 40 
„ 41 
» 42 
„ 43 
„ 44 
„ 45 
„ 46 
„ 47 
„ 48 
„ 49 
„ 50 
» 55 

528*0 

480*0 

440*0 

406*1 

377 -X 

352*0 

330-0 

310*6 

293*3 

277*9 

264*0 

251*4 

240*0 

229*6 

220*0 

211*2 

203*1 

195*5 

188*5 

182*1 

176*0 

170*3 

165*0 

160*0 

155*3 

150*9 

146*7 

142*7 

138*9 

135*4 

132*0 

128*8 

125*7 

122*8 

120*0 

117*3 

114*8 

112*3 

110*0 

107*7 

105*6 

90*0 

6*60 

6*00 

5*50 

5*08 

4*71 

4*40 

4*12 

3*88 

3*67 

3*47 

3*30 

3*14 

3*00 

2*87 

2*75 

2*64 

2*54 

2*42 

2*36 

2*28 

2*20 

2*13 

2*06 

2*00 

1-94 

1*88 

1*86 

1*78 

1*74 

1*69 

1*65 

1*61 

1*57 

1*53 

1*50 

1*47 

1*44 

1*40 

1*37 

1*35 

1*32 

1*20 

0 / // 

5 42 58 

5 11 40 
4 45 59 

4 23 56 
4 5 14 
3 48 51 

3 34 35 
3 21 59 
3 10 47 
3 0 46 
2 51 21 

2 43 35 
2 36 10 
2 29 22 
2 23 10 
2 17 26 
2 12 2 
2 7 2 
2 2 5 

1 58 34 
1 54 37 

1 50 55 
1 47 27 
1 44 12 
1 41 8 
1 38 14 
1 35 28 
1 32 53 
1 30 27 

1 28 8i 

1 25 57 
1 23 50 
1 21 50 
1 19 56 
1 18 7 
1 16 24 
1 14 43 
1 13 8 
1 11 37 
1 10 9 
1 8 6 
1 2 30 

•09960 

•09054 

•08309 

•07670 

•07128 

•06652 

•06238 

•05872 

•05547 

*05256 

*04982 

•04757 

•04541 

•04344 

•04163 

•03997 

•03840 

•03694 

•03551 

•03448 

*03333 

•03226 

■03125 

•03031 

•02941 

•02857 

•02777 

•02702 

•02631 

•02563 

•02500 

*02438 

•02380 

•02325 

•02272 

•02222 

•02173 

•02127 

*02083 

•02040 

•01981 

•01818 

1 in 60 
„ 65 
„ 70 
„ 75 
„ 80 
„ 85 
» 90 
„ 95 
„ 100 
„ 110 
„ 120 
,,130 
„ 140 
„ 150 
„ 160 
„ 170 
„ 180 
„ 190 
„ 200 
„ 210 
„ 220 
,,230 
,,240 
„ 250 
„ 260 
„ 270 
„ 280 
„ 290 
„ 300 
„ 325 
„ 350 
„ 375 

1 „ 400 
„ 425 
„ 450 
„ 475 
„ 500 
,,525 
„ 550 
„ 575 
„ 600 

88*0 

81*2 

75*4 

70*4 

66-0 

62*1 

58*7 

55*6 

52*8 

48*0 

44*0 

40*6 

37*7 

35-2 

33*0 

31*1 

29*3 

27*8 

26*4 

25*1 

24*0 

23*0 

22*0 

21*1 

20*3 

19*6 

18*9 

18*2 

17*6 

16*2 

15*1 

14*0 

13*2 

12*4 

11*7 

11*1 

10*6 

10*1 

9*6 

9*2 

8*8 

1*10 

1*02 

•94 

*88 

•82 

•78 

■73 

•69 

•66 

•60 

•55 

-51 

•47 

•44 

•41 

•39 

•37 

•35 

•33 

•31 

•30 

•29 

•27 

•26 

•25 

•24 

•24 

•23 

•22 

•20 

•19 

•18 

•17 

*16 

•15 

•14 

•13 

•12 

•12 

•13 

•11 

o / // 

0 57 18 

0 52 54 
0 49 7 
0 45 51 

0 42 58 
0 40 27 
0 38 12 
0 36 11 
0 34 23 
0 31 15 
0 28 39 
0 26 27 
0 24 33 
0 22 55 
0 21 29 
0 20 13 
0 19 6 
0 18 6 
0 17 11 
0 16 22 
0 15 37 
0 14 57 
0 14 19 
0 13 45 
0 13 13 
0 12 44 
0 12 17 
0 11 51 
0 11 28 
0 10 35 
0 9 49 
0 9 10 
0 8 36 
0 8 5 
0 7 38 
0 7 14 
0 6 53 
0 6 33 
0 6 15 
0 5 59 
0 5 44 

•01667 

•01539 

•01429 

•01334 

•01250 

•01177 

•01111 

•01053 

•01000 

>00909 

•00833 

•00769 

•00714 

•00666 

•00625 

•00588 

•00556 

•00527 

•00500 

I *00476 
■00454 
•00435 
•00417 
•00400 
•00385 
*00370 
•00357 
•00345 
•00334 
*00308 
•00286 
•00267 
*00250 
•00235 
•00222 
•00210 
•00200 
*00191 
•00182 
•00174 
•00167 


Now it must be obvious to all, that the only advantage resulting from curving the 
transverse section of the road is allowing the water, which would otherwise collect 
upon its surface, to drain Ireely off into the side ditches. It has been urged by some, 
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that in laying on fresh material upon a road it is necessary to keep the centre much 
higher than the sides ; because, in consequence of the majority of carriages using the 
centre of the road, that portion will wear quicker than the sides, and, unless made 
originally much higher, when so worn it will necessarily form a hollow or depression, 
.from which the water cannot drain. Now, it is entirely overlooked by those who 
advance this argument, that the only reason why carriages use the centre in prefer- 
ence to the sides of a road, h became of its it being only in that situ- 

ation that the carriage stands upright; if the road were comparatively flat, every 
portion would be equally used; but on very convex roads, the centre is the only por- 
tion on which it is safe to travel. 

The drainage of the surface of the road is then the only useful purpose which will 
be answered by making it convex; and even this in but a very imperfect manner, 
in consequence of the irregularities and roughness found even in the best roads. 
The surface of a road is much more efficiently drained by a small inclmation in the 
direction of its length than by a much greater transverse slope. On this subject 
Mr. Walker has very justly remarked,* Clearing the road of water is best secured 
by selecting a course for the road which is not horizontally level, so that the surface 
of the road may, in its longitudinal section, form, in some degree, an inclined plane ; 
and when this cannot be obtained, owing to the extreme flatness of the country, an 
artificial inclination may generally be made. When a road is so formed, every wheel- 
track that is made, being in the line of inclination, becomes a channel for carrying 
off the water much more effectually than can he done by a curvature in the cross 
section or rise in the middle of the road, without the danger or other disadvantages 
which necessarily attend the rounding a road much in the middle. I consider a fall 
of about inch in 10 feet to be a minimum in this case, if it be attainable without 
a great deal of extra expense.^^ While, then, the advantages attending the extreme 
convexity of roads is so small, the disadvantages are considerable: on roads so con- 
structed, vehicles must either keep upon the crown of the road, and so occasion an 
excessive and unequal wear of its surface, or use the sides, with the liability of being 
overturned. The evidence of coach-masters and others, taken before the Com- 
mittee of the House of Commons, and appended to the Report already quoted, quite 
bears out the view here taken, and shews that many accidents and much danger have 

arisen from the practice of forming roads with an excessive amount of convexitv 

(See fig. 8.) 

In making the above remarks, we must he understood as only disapproving of 
the practice (which has been but too prevalent) of forming roads with cross sections 
rounding m an extreme degree, and not as advocating a perfectly, or nearly, flat 
road, as many, who have fallen into the opposite error, have done. We should 
recommend, as the best form which could be given to a road, that its cross section 
should be formed of two straight lines inclined at the rate of about 1 in 30 and 
united atthe centre or crown of the road by a segment of a circle having a rLdius 
of about 90 feet. This form of section is shewn in fig. 8, and the rate of inclination 
there ^ven is quite sufficient to keep the surface of a road drained, provided it is 
in pod order and free from ruts; if such is not the case, no amount of convexity 
which could be given to the road would be of any avail, as the water would stiU 
remain m the hollows or furrows. 

suggested in the figure is equally adapted to all widths of 
road, as the straight hnes have merely to be extended at the same rate of inclina- 
tion, until they meet the sides of the road. 


* Parliamentary Report, 1819, p. 48. 
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The foregoing remarks apply only to the exterior or upper surface of 
the finished road ; with regard to the form which should be given to 
the bed upon which the road is to be formed, a similar difiference of j 

opinion exists as to whether it should be flat or rounding. In this case ^ 

we are of opinion that, except where the surface upon which the road has \, 

to be formed is a strong clay or other soil impervious to water, no benefit j 

will result, as far as drainage is concerned, in making the formation surface / 

orbed of the road convex. It should be borne in mind that after the road ^ 
materials are laid upon the formation surface, and have been for some 
time subjected to the pressure of heavy vehicles passing over them, they 
become, to a certain extent, intermixed; the road materials are forced 
down into the soil, and the soil works up amongst the stones, and the 
original line of separation becomes entirely lost. If the surface upon 
which the road materials were laid were to remain a distinct flat surface, 
perfectly even and regulaiv and into which the road materials could not 
be forced, then it wmiild be of use to give such an inclination to it as g 
would allow any water which might find its way through the crust or 
covering of the road to run off to the sides of the same ; although, even 
then, it would have to force a passage between the road materials and 
the surface on which they rest ; such is, however, as we have already 

remarked, far from being the case ; and therefore it must be obvious, 

except under peculiar circumstances, that no water which had found its ^ j 
way through the hard compact surface of the road itself would he I 
arrested by the comparatively soft surface of its bed, and carried off into j w 
the side ditches, whatever slope might be given to it. While, however, { 
we believe that, as far as drainage is concerned, it is useless to form the 
bed or formation surface of the road with a transverse slope, we should, 
nevertheless, give it the same, or nearly the same, form as that which we g 

have just recommended for its upper finished surface, with the object of .3 

making the two surfaces parallel, and so giving an equal depth of road >* 

material over every portion of the road. In this respect we do not ^ 

agree with some road-makers, who not only recommend a less depth of 
road materials to he put on the sides than on the centre of the road, I 

but further advise that an inferior description of material should there be j 

employed. | 

Too much attention cannot be paid to the drainage of roads, both as I 
regards their upper surface and that of the substratum on which they n| 
rest. To assist the surface-drainage, the road should he formed with 
the transverse section shewn in the annexed figure, and on each side \ 

of the road a ditch should be formed of sufficient capacity to receive J 

all water wdiich can fall upon the road, and of such a depth, and with 
a sufficient declivity, to conduct the same freely away. When footpaths f 

have to he constructed on the sides of the road, a channel or watercourse I 

should he formed between them, and small drains formed of tiles or 
earthen tubes (such as are used for under-draining lands) should he laid under 
the footpath, at such a level as to take off all the water which may collect in this 
channel, and convey it into the ditch. In the best-constructed roads, these side 
channels should be paved with flints or pebbles ; the drains under the footpath 
should be introduced about every 60 feet, and should have the same inclination (viz. 
1 in 30) as that recommended for the sides of the road: a greater inclination 
would be ol)jectionable. It is a veiy frequent mistake to give too great a fall to 
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small drains, tiie only eifect of which is to produce such a current through them as 
to wash away or undermine the ground around thena, and ultimately cause their 
own destruction, ^¥llen a drain is once closed by any obstruction, no amount of 
fall which could be given to it would again clear the passage; while a drain with a 
considerable current through it would he much more likely to be stopped from 
foreign matter being carried into it, which a less rapid stream could not have trans- 
ported there. 

In the case of a road whose surface was drained in the way which we have just 
described, and which surface was composed of proper materials in a compact state, 
very little water would find its way through to the substratum ; with some descrip- 
tions of soil, however, it would be desirable to adopt means for maintaining the 
foundation of a road in a dry state, as, for instance, when the surface was a strong 
clay through which no water could percolate, or when the ground beneath the road 
was naturally of a soft, wet, or peaty nature. Under such circumstances it would be 
desirable to provide for its proper drainage by a species of under-drainage. As soon 
as the surface of the ground had been formed to the level intended for the reception 
of the road materials, trenches should be formed across the road, from 1 foot to 18 
inches in depth, and about 1 foot wide at the bottom, the sides being sloped as 
shewn in fig. 9. The distances at which these di'ains ought to be formed would 


Fig. 9.— Formation Surface. 



depend in a great measure on the nature of the soil: in the case of a strong clay 
soil, or one naturally very wet, there should be one about every 20 feet, and this 
distance might be increased as the ground became firmer or drier. In these trenches, 
a drain not less than 4 inches square internally should then he formed either of old 
bricks, drain-tiles, flat stones, or in any other mode used for under-drains, and the 
remainder of the trench should be filled with coarse stones free from all clay or dirt, 
in the manner shewn in fig. 9. Of course these drains must have a fall given them 
from the centre of the road into the ditches on either side ; an inclination of 1 in 30 
■will be sufficient. When the road is level in the direction of its length, these drains 
should run straight across ; hut on those portions of the road which are inclined the 
drains should be formed as shewn on the plan, fig. 10, somewhat in the form of a very 
flat V, the point being in the centre of the road, and the drains making an acute 
angle with the line of the road, in the direction in which it falls ; the amount of 
this angle should not be greater than is shewn in the figure. 


Fig. 10. 



When a road with footpaths is under-drained in the manner which we have just 
; described, it vrill not be necessary to form di-ains from the side channel under the 
footpath into the ditch, as shewn in fig. 8, but merely to carry up a little shaft, con- 
structed in the same way as the drain, from the drain to the channel, covering the 
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same with a small grating, to prevent leaves or other substances, which might choke 
the drain, being carried into it. This method of forming the drains is shewn at 
A in fig. 11, 

Fig.ll. 

SECTION in.— ON THE CONSTEUCTION OF EOADS. 

On this subject a great difference of opinion exists. By a few, amongst 
whom wx may mention Mr. Adam, it has been maintained that a 
yielding and soft foundation for a road is better than one which is firm 
and unyielding; and he has gone so far as to say that he “ should rather 
prefer a soft one to a hard one,’^ and even a hog, “if it was not such a 
bog as would not allow a man to walk over it,”* The principles upon 
which this opinion was founded were, that the road on the soft founda- 
tion being more yielding or elastic, the materials of which the covering 
of the road was formed wmuld be less likely to be crushed and worn 
away by the passage of a heavy traffic over them than when placed on a 
hard solid. The contrary opinion is, however, that which has received 
the largest number of advocates, and is that which we ourselves hold ; 
and we feel assured that there is no more general cause of bad roads 
than their being formed upon a soft foundation. We would most strongly 
urge the necessity of securing a firm, solid, and drj^ suhstratum for the 
road materials to rest upon; and we are quite satisfied that, however 
good the materials themselves may be, and however much care may be 
bestowed upon the manner in which they are put on, unless a good 
foundation has been previously prepared, the whole of the materials and 
labour will be only thrown away. The outer surface of the road should 
be regarded merely as a covering to protect the actual working road he- 
neath, which latter should be sufficiently firm and substantial to support 
the whole of the traffic to which it may be exposed. The real use of the 
road materials Imd over it should be only to protect this actual road from 
being worn and injured by the horses’ feet and the wheels, or from the 
action of the weather. And this lower, or mh-roady 2 & it may be called, 
being once properly constructed, would last for ever, merely the outer 
case or covering requiring to be renewed from time to time, so as always 
to preserve a sufficient depth for the protection of the suh-road. 

We may very conveniently class roads according to the manner in 
which their foundations are formed, as follows : 

1st, Koads having no artificial foundation, hut in which the covering 
materials are laid on the ground. 

2nd, Roads having a foundation of concrete. 

3rd, Roads having a paved foundation. 

And each of these might be again divided according to the kind of ma- 
terial employed as a covering. 

The first of these classes will certainly contain by far the largest pro- 
portion of the roads in this country. But it should only he employed in 
cases where the importance of the road is not sufficient to warrant any 
large expenditure, and when the amount of traffic to he anticipated is 
small; for we are certainly of opinion that it is a very mistaken economy which 
would incur a large permanent annual outlay for repairs, to save in the original cost 
of constructing the road ; and we are satisfied that, in this sense, a road with a paved 


* Parliamentary Report, ISI9, p. 23 , 
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or concrete foundation will always be found less expenWve than one formed without 
such a foundation. 

Where, however, circumstances may render it necessary to construct a road upon 
the natural sni-fece of the ground, every care should be taljen to make it as solid as 
possible. If the ground is at all of a soft or wet nature, deep ditches should be cut 
on each side of the line of the road, and cross under-drains should be formed in the 
manner already described ; and where the ground is very soft, a layer of fagots or 
brushwood, from 4 to 6 inches in depth, should be laid over the surface of the ground 
before laying on the road materials. In cases of embankments, or where the ground 
under the road has been recently deposited, the surface should be either rolled or 
punned, that is, beaten with heavy beetles, so as to insure as great a degree of soli- 
dity as possible. The same mode of proceeding should be foUowed, even where it is 
intended to form either a paved or concrete foundation ; for, as before remarked, too 
mucli care cannot be bestowed on that part of the road. 

The employment of concrete composed of gravel and lime was first proposed by 
Mr. Thomas Hughes, and the following remarks upon its use are quoted from his 
work on Koads,* 

"The use of lime concrete, although an introduction of modem times, and cer- 
tainly one of rather a novel character, derives its real origin from a very remote 
penod. We have indisputable evidence that the Romans, in constructing their mili 
tary ways, particularly in France, adopted the practice of forming a concrete founda- 
tion composed of gravel and lime, on which also they placed large stones as a pave- 
ment. The consequence of a construction so solid has been, that, in many parts of 
Europe, the original bed or crust of the Roman roads is not at the present dav 
entirely worn down, even after a lapse of fifteen centuries. 

“ With the view of affording a modern example in which lime concrete has been 
used, I would refer to the Brixton Road, where a concrete composed of gravel and 
lime has been recently applied by Mr. Charles Penfold, Surveyor to the Trust. In this 
case the proportion of gravel to lime is that of four to one. The lime is obtained 
from Merstham or Dorking, and, before being used, is thoroughly ground to powder. 
The concrete IS made on the surface of the road, and great care taken, when the 
water IS added, that every particle of the lime is properly slacked and saturated. The 
bed of concrete having been spread to the depth of 6 inches over the half-breadth of 
the road, the surface is then covered over with 6 inches of good hard o-ravel or 
broken stone, and this depth is laid on in two courses of 3 inches at a time” the first 
comse teng frequently laid on a few hours after the concrete has been placed in the 
road. The carnages, however, are not on any account allowed to pass over it until 
tee concrete has become sufficiently hard and solid to carry the traffic without suffer- 
ing the load material to sink and be pressed into the body of concrete. On the other 
hand, the covering of gravel is always laid on before the concrete has become quite 
hard, m ordwto admit of a more perfect binding and junction between the two beds 
than would take place if the concrete were suffered to become hard before livino- en 

sr.7d .M, .1 ,he 11 „ ^ aa a. J aa “n 

weight, and by those above them, sink partially into the concrete, and thus remain 
fixed in a matrix, from which they could not easily be dislodged. The lower pebbtes 
being thus fixed, and their roUing motion consequently prevented, an imSI e 
tendency to bind is communicated to the rest of the material,-* fact which must be 
evident. If we consider that the state called binding, or rather that produced by the 


‘ The Practice of Bfaking and Repairing Roads, 
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is nothing more than the solidity arising from the complete fixing and 
wedging of every part of the covering, so that the. pebbles no longer possess the 
power of moving about and rubbing against each other. It is found that in a very 
few days after the first layer has been run upon, the other, or top covering, may be 
applied ; and, shortly afterwards, the concrete and the whole body of road material 
becomes perfectly solid from top to bottom. The contrast thus presented to 
the length of time and trouble required to effect the binding of road materials where 
the whole mass is laid on loose, is alone a very strong recommendation in favour of 


the concrete. 

The experiment of using concrete on the Brixton Road, although not at present 
on a very extensive scale, has been tried under circumstances very far from being 
favourable, and on a part of the road which had hitherto baffled every attempt to 
make it solid. Since the concrete has been laid down, however, there is not a firmer 
piece of road in the whole Trust; and, from the success of this and other trials made 
by Mr. Penfold, but which I have not seen, I believe it is his intention to recommend 
it, in a general and extensive way, to several Trusts under whom he acts.^' 

Mr. Penfold himself states the result of an experiment made by him upon the 
Walworth Road, ‘‘It was raised by 9 inches of concrete and 6 of granite and Kentish 
rag-stone mixed, and in some parts it was covered by rag and flints. The improve- 
ment is so great with respect to the draught, and so desirable with respect to the 
saving in the annual repair, that the Trust have directed it to be applied to upwards 
of two miles of road upon which the greatest traffic exists. 

One of the principal advantages attending the employment of concrete as a founda- 
tion for roads is, that in this manner a good and solid road may be made with 
materials, such as round pebbly gravel, which, in any other mode of application, 
woxild be but very ill-suited to the purpose, and would form a very imperfect road. 
And this description of gravel is that which is by far the most frequently met with. 
The gravel selected for this purpose should he free from any kind of dirt, clay, or 
other impurity, and should consist of stones and sand, mixed in about such propor- 
tions that the latter would just fill the interstices of the former. The gravel should 
then be mixed with the proper quantity of ground unslacked lime ; in ordinary cases 
five or six parts of gravel and one of lime will be found to answer ; after which, 
sufficient water being added to effect the slacking of the lime, the whole should be 
quickly, but thoroughly, mixed up, and then immediately thrown into place, and 
trimmed off at once to the proper form intended to be given to its upper surface ; tlie 
first layer of broken stones, or screened gravel, as the case maybe, should then, as 
Mr. Hugbes directs, be put over just at that period when the concrete is about to set, 
and which time a very few trials will suffice to determine. 

The other mode of forming an artificial foundation, to which we have alluded, was 
introduced by Mr. Telford, and consists in forming a rough pavement on the top of 
the formation surface, which is afterwards covered by the road materials. The fol- 
lowing is an extract from one of Mr. Telford's specifications for a portion of the 
Holyhead Road: “ Upon the level bed prepared for the road materials, a bottom 
course, or layer of stones, is to be set by hand, in form of a close firm pavement ; the 
stones set in the middle of the road are to be 7 inches in depth ; at 9 feet from the 
centre, 5 inches; at 12 feet from the centre, 4 inches; and at 15 feet, 3 inches. 
They are to be set on their broadest edges lengthwise across the road, and the breadth 
of the upper edge is not to exceed 4 inches in any case. All the irregularities of the 


* " A Practica) Treatise on the best Mode of Making and Repairing Roads, by Charles Penfold,* 
p. 31, 
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upper part of the said pavement are to be broken off by the hammer, and aU the 
nterstices to be filled with stone chips, firmly wedged or packed by hand, witf a 
ig ammer ; SO that, when the whole pavement is finished, there shall be a con 
vexity of 4 inches in the breadth of 1 5 feet from the centre.” * 

The stone which Telford employed for this purpose was generally such as would 
have been totally unfit for most other purposes, both on'accouni S its 

quahty and from the smallness of its dimensions. 

of roads due reg^d must be had to the nature of the materials found in the locllitv 
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here point out has led to much discussion and h 

employing clay, chalk, or other material, as a bindingCroI.""*” 

then no binding yannestriptionts reqS^^^^ “ angular masses, 

united by dovetailing, as it were, amongst elch yLr“Ld ttalln 

W.e would roll about a;d prevent rerdt^e^ 

by the Te^altr^S o-. 

other, by the use of some cementing or bindinrmTter”Tn^d* 
tive merits of the two, the preference mn,t “7, ^ ® comparing the rela- 

Which the stones are caused to unite from T ^ ® former,— that in 

cementing material. The princiual f <>yetail form, without the use of any 
formed with stones so united are not is, that roads 

whereas those whose surfaces are comDosed^' weather; 

ing material become loose and rotten utiH ^ ^ ^ cement- 

material becoming softened by the wet, alVrlZlTX''''^ 'T '"i' 
subsequent frost. reduced to a loose pulverulent state by 

stone, .rithont an, ’oLr with angular pieces of 

* Sir H, Parnell on Hoads, p, 1337 ” 
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been employed. The most important quality in stone for road-making is fouffMess; 
mere hardness without toughness is of no use, as such stone becomes rapidly reduced 
to powder by the action of the wheels. Those stones which have been found to 
answer this purpose best are the whinstones, basalts, granites, and beacb pebbles* 
The softer descriptions of stone, such as the sandstones, are not fitted for this pur- 
pose, being far too weak to resist the crushing action of the wheels. The harder and 
more compact limestones may be employed; but, generally speaking, the limestones 
are to be avoided, in consequence of their great affinity for water, which causes them, 
in frosty weather which has been preceded by wet, to split up into a pulverulent 
state, and destroys the solidity of the road. 

Next in importance to the quality of the stone is its proper .preparation : this con- 
sists in reducing it to angular fragments of such a size that they will pass freely through 
a ring of 2-1 inches in diameter in evei'y direction ; that is, that their largest dimen- 
sions shall not exceed that measure. The stone, having been thus prepared, should 
then be evenly spread over the surface prepared for the foundation of the road to the 
depth of about 6 inches ; and the road should then be opened for traffic. In Mr. 
Telford’s specifications, he usually directed that on the top of this coating of broken 
stone a layer of good clean gravel, about an inch and a half in depth, should he 
spread before throwing the road open for use. The reason for this practice was, to 
lessen the extreme unevenness of the surface, and to render the road more pleasant 
to pass over when first opened. It would be better, however, for the public to put 
up with the temporary inconvenience of a rough road, because the gravel does a per- 
manent injury to the road, and lessens in a considerable degree the property which 
the stones possess of uniting into a compact solid mass. 

Broken stone, being so superior to gravel for the purpose of road-making, should 
always be employed where it can be easily obtained. There are, however, many 
situations in which gravel is the only available material. The quality of gravel varies 
so considerably, that while some kinds may, when properly prepared, form a very 
excellent road, others may he entirely worthless: of this last are those kinds of 
gravel the stones composing which are of the sandstones and flints, for even these 
last, although hard, are so excessively brittle as to be immediately crushed by the 
passing of the wheels over them. The gravel, when taken from the pit, should be 
passed over a screen which will allow all stones less than three-quarters of an inch to 
pass through it, and the fine stuff, or hoggin^ as it is technically termed, thus obtained 
should be reserved for forming the footpaths ; the remainder, which has not passed 
through the screen, should have all the stones whose greatest dimension is more than 
2-1 inches removed and broken, and it would be desirable that these broken stones 
should be reserved for the upper layer. In screening the gravel, especially as it first 
comes out of the pit, a certain portion of loam will generally be found to adhere to 
the stones, and this should by no means be separated from them ; for, as we have 
already mentioned, although angular broken stones require no extraneous substance 
to cause them to bind, the case is different with the pebbles, of which most gravel is 
composed, which require a certain amount of loam, clay, or chalk, to fill up the 
interstices between the stones, and prevent them from being rolled about, as they 
otherwise would be. On this subject Mr. Hughes has made some observations so 
much to the purpose that we cannot do better than quote them :* 

In laying on this upper covering, many surveyors commit a great error in not 
making a distinct difference between angular or broken stones and those rounded 
smooth pebbles of which gravel is usually composed. The former cannot be too well 

* ‘ The Practice of Making and Kepairing Roads/ p, 15. 
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cleaned before being laid on the road, because, even when entirely divested of all 
earthy matter, they soon become wedged and bound closely together when the pres- 
sure of carriages comes upon them. But the case is different with the smooth round 
surfaces of gravel; for if this material be entirely cleaned by means of washing and 
repeated siftings, the pebbles will never bind, until in a great measure they become 
ground and worn down by the constant pressure and rubbing against each other. 
Beforn this takes place, the surface of the road must be considerably weakened, and 
will, in fact, be incapable of supporting the pressure of heavy wheels, which conse- 
quently sink into it, and meet with considerable resistance to their progress. Under 
these circumstances, it seems that the practice of too scrupulously cleaning the 
rounded pebbles of gravel must he decidedly condemned ; and the question then 
arises, to what extent should the cleaning process be dispensed with; or, in other 
words, what proportioir of the hinding material found in the rough gravel, as taken 
out of the pit, should be allowed to remain in the mass intended to be placed on the 
road? ^ * Along course of experience, accompanied by attentive observations on 

ihese details in the practice of road-making, has convinced me that it is much better 
and safer, as a general rule, to leave too much of the hinding material in the gravel 
than to divest it too completely of this substance. When the gravel is placed on a 
road without being sufficiently cleaned, the constant wear and tear, aided by the 
occurrence of wet weather, causes the harder material or actual gravel to be pressed 
close together ; and the surplus of soft binding material remaining after the inter- 
stices between the pebbles are filled up, being then forced to the top, and usually 
mixed with water, becomes mud, and, according to the usual practice, should be 
scraped to the sides of the road. When this has been done, the surface is usually 
firm and solid, because the hard gravel below the mud has become perfectly bound, 
without, at the same time, being broken or ground to pieces. Suppose, next, a road 
eovered with ^avel too much cleaned, where it is evident that the destruction 
of the gravel will continue until it becomes broken into angular pieces, and a sufficient 
quantity of pulverized material has been formed to hold the stones in their places, 
and thus to effect the binding of the mass. I need hardly say, that the deterioration 
thus occasioned to the road is an evil of much more importance, and one much more 
to he avoided, than that occasioned by employing stones not sufficiently cleaned. 
Regardless of all this, however, it is the practice of many road-surveyors to insist that 
all gravel, of whatever quality, shaU be rendered perfectly clean by repeated siftings, 
and even by washing, until it becomes entirely divested of all that may properly be 
considered the binding part of the material.'^ 

The gravel, when thus prepared by screening, should he laid on and spread to a 
uniform depth of not more than 6 inches over the whole road, which may then be 
thrown open to the use of the public; particular care and attention, however, is 
required to he given to new roads when first opened for traffic ; a sufficient number 
of men should be employed to keep every rut raked-in the moment it appears; and 
guards or fenders should be placed on the road, to oblige the veliicles to pass over 
every part of its surface in turn. If these precautions are not taken, years may elapse 
before the road attains a firm condition; and many roads have been permanently 
•mined through the want of proper attention when first used. When ruts are once 
formed, every succeeding vehicle using the road keeps in the same track, deepening 
and increasing the mt, which in wet weather becomes filled with water, which, 
having no other means of escape, slowly penetrates the sides and bottom of the rut, 
rendenng them so soft as to be still further acted upon by each succeeding carriage. 
These ruts once formed, a much larger outlay is required to repair the injury than 
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would have prevented its occurrence, besides tbe ineonvenience, danger, and expense 
to the public, in being obliged to travel on a road when in such a condition. 

Amongst the substances which we stated might he mixed with clean gi'avel to 
enable it to bind was chalk. Now, we think it necessary to say a few words on the 
use of chalk on roads, as some misapprehension exists on the subject, and many 
roads have been ruined from its improper use. There are two modes in which chalk 
may be advantageously employed in the construction of roads. It may be laid in the 
mry hottom of the road, to form the foundation, hut it must he at such a depth as to 
he ent irely heyond the influence of f rost f otherwise it will quickly destroy the road 5 
for chalk has a veiy powerful affinity for water, or rather, to speak more correctly, 
capillary attraction for it, in consequence of which it readily absorbs all the moisture 
which finds its way through the road covering ; and herein consists its value, if judi- 
ciously applied, for the water thus absorbed would otherwise have penetrated to the 
foundation of the road, and rendered it soft. If, however, the chalk be placed within 
the influence of frost, the water, which is only mechanically held by the chalk, will, 
in the act of congealing, expand, and by so doing rend the chalk into a thousand 
fragments, and reduce it, in fact, to a pulverulent state, wdiich the succeeding thaw 
changes into a soft paste or mud. The other purpose for which chalk may be 
employed is, as already mentioned, to be mixed with gravel in order to make it 
bind : in using chalk, however, for this purpose, it should be borne in mind that it is 
only required when the gravel is perfectly clean and free from other hinding matter ; 
the mixing it with gravel already containing sufficiefft clay or loam is not only useless, 
but is positively injurious; and even w'hen the gravel is of such a nature as to require 
being mixed with chalk, great care should be taken not to add too much, for it is 
not with chalk as with the loam or clay with which gravel is naturally combined ; 
the latter, generally speaking, possesses little power of absorbing water, hut the 
superabundant chalk would soon be reduced to the state of a soft paste by the action 
of the weather, in the manner which we have just described. Chalk, therefore, if 
used as a hinding material with gravel on the surface of roads, aiiow/J he reduced to a 
state of powder j and should he perfectly and thoroughly mixed with the grauel before 
the latter is spread on the road. 

We would also remark here, that although we have recommended the use of 
bushes or bundles of fagots to form the foundation of roads over very soft or boggy 
ground, they should only be employed in sueh situations, and at such a depth below 
the surface, as will insiu'e their always being damp; for when in a situation where 
they would be alternately wet and dry, they w^ould quickly become rotten, and form 
a soft stratum beneath the road. 


PART II. — MAINTENANCE OP MACADAMIZED ROADS.* 

The general extension of railways over all the leading lines of communication 
throughout the kingdom has greatly tended to withdraw the interest of the publie 
from the consideration that had previously been given to the construction and main- 
tenance of the ordinary roads; ,a sudden check was put on the progress of improve^ 
ment, and the systems for those important operations remain where they were some 
fifteen or tw’-enty years ago, when they had by no means arrived at perfection. 

It is not assumed that any novelty is to be introduced into the old principles fox 
the maintenance of macadamized roads, but the extent to which it is considered that 
they ought to be carried out is not recognized, or, at least, practised. 


By Major-General Sir John Burgoyne, K, C.B. 
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The chief features of proposed improvement are— 

1st, The keeping the road perfectly clear of dust, dirt, or of any unconnected 
matter over the crust of consolidated broken stone. 

2nd, Minute repairs to the surface, in small patches, immediately on the appear- 
ance of any vrant of form or substance. 

Previous to entering into the question of maintaining a road, we ought to suppose 
it to be, in the first instance, in a proper state. 

There are two very important requisites for a road, without w’hich it ought not to 
be considered, if a new road, as completed, or, if an old one, as efficient ; one of 
w'hich is generally much neglected, and the other entirely. The one is thorough 
drainage ; the other, the consolidation, as part of the work, of any great mass of new- 
laid stone. 

It is very rare, indeed, that a road is thoroughly drained. If it has a longitudinal 
drain on each side, in which the water does not remain at any time standing so high 
as the lowest part of the cross section of the road, it is considered to be adequately 
drained ; but it is suggested that under many circumstances it may fail to be so, and 
that instances may be constantly seen where such drainage is quite insufficient, as in 
the following cases : 

1. Where along flat ground, the water remains in the drain for lengthened periods, 
up to within a few inches of the level of the road, the moisture will soak through, 
be retained under the surface of the road, and cause it to be soft and heavy. 

2. Where the road is wide hetw^een these drains, viz. from 30 to 60 feet, or up- 
wards, and the soil at all retentive of moisture, the wet will be long in passing off. 

In the drainage of lands for agricultural purposes, on the system practised by Mr. 
Smith, of Deanston, which is generally received as judicious, 18 feet is a usual 
distance between his covered drains, while 30 and 40 are extreme distances ; and, 
certainly, it is far more important to under-drain a road. 

3. If there are springs, or any degree of filtration of water not cut off by the side 
drains, in the bed of the road, theory says, and even specifications require, that they 
should be drained off, but in practice it is seldom attended to. 

4. The flatness that is now given to all roads is such as will not admit the water 
to run off them, unless it falls in very large quantities, and then only partially, or 
unless the road be very smooth, hard, and perfect in shape. Even the slight curve 
that is required is very seldom preserved in the habitual maintenance of the road, 
certainly not in the firm part of it, if any can be called so. 

If a road is to be kept in the ordinary inefficient condition, it would be decidedly 
better to give a greater curvature to its cross section than usual, notwithstanding the 
evils attending it. 

5. All the water that falls on the sheets of loose broken stone, which always lie a 
considerable time before they are consolidated, disappem’s, it is true, from the sur- 
face, hut soaks on to the under stratum, and is by so much the worse, as it is in some 
degree retained by the consistency of the hollow in the remaining crust of the road. 

6. It is rare that water has so free a passage as it ought from the water-tables, 
through the footpaths or other obstructions. 

7. Lastly, it is not uncommon for the gullets for passing small watercourses under 
the road to be quite insufficient in number or dimensions. 

These defects are almost universal : to remedy them thoroughly, that is, to a degree 
far greater than is now usually thought to be at all necessary, would cost much less 
than the wear and tear occasioned by their existence ; and, indeed, without their 
being thoroughly provided against, no labour or expense will keep the road in a first- 
rate degree of perfection. 
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It is this, perhaps, more than any other circumstance, that renders it most difficult 
by any expenditure to keep a macadamized roadway in the greatly frequented streets 
of large towns in any sound state, during a continuance of very wet weather. 

With regard to the second requisite, namely, the consolidation of the broken stone 
on new roads, (or in cases of extensive repairs,) before they are given up for the 
general traffic, no road ought to be considered to he finished until thoroughly rolled, 
that is, to a degree that will admit of horses in draught trotting over it without much 
extra exertion. ■ ■ 

As tins is seldom if ever attended to, the propriety of its adoption requires some 
distinct explanation and arguments, which will be found at the end of this article. 

The great advantage of maintaining roads in good condition, as a measure of 
economy, has frequently been adverted to, but cannot be too often repeated or too 
strongly enforced, particularly since it is little attended to in practice. 

Without going into the question minutely, perhaps the following, as a single illus- 
tration, will not be considered overstrained : 

Suppose the work of every horse on any given road be calculated at twenty miles 
daily journey upon it, and that the services required he regulated by the number of 
horses applied, it is probable that the difference in the state of a road that would 
enable four horses instead of five to do any given amount of work would not be so 
great as most persons might imagine. 

The calculation may be made in various different ways ; distances traversed, or 
loads conveyed, or rates of speed, may be varied according to the goodness or defects 
of the road ; the supposed restcli, however, by any mode of reasoning, is, that four- 
fifths the amount of animal labour should be able to do the •work in one case, that 
would require one-fifth more in the other. 

Supposing the number of horses employed to be equal to an average of eighty 
ddly, over twenty miles of the inferior road,* then sixteen horses (or one-fifth) might 
be spared if the road were improved to the condition contemplated on the above cal- 
■culation. 

Suppose also the value of each horse to he estimated at £45 per annum for his 
purchase, feeding, care, harness, &c.,t there would be an available amount of £ 680 
per annum for tbe improvement and maintenance of this twenty miles of road at its 
superior state, or £ 34 per mile. 

It it could be shown that an increased expenditure on the road, not exceeding that 
amount, would have the effect of placing and maintaining it in the superior condition, 
it must decidedly be true policy that it should be incurred, not only on aeeount of 
the one ingredient of reduction of animal labour, but on many others on which it is 
not easy to put a money value,— such as wear and tear of carriages and harness; 
greater degree of lightness and ease that maybe given to the carriages ; saving of 
time by increased degrees of speed that would be adopted for traffic of all kinds, but 
particularly for passengers ; greater freedom from mud or dust ; reduction of cruelty 
to animals, which by no process can be so great on a good as on a bad road ; im- 
proved business in the district, and increased traffic that would be brought on the 
road by the additional facility and comfort it afforded, with very many others. 


This argument lias reference to the question as regards the public generally, witli- 



* Equivalent to the work of a single horse over l600 miles, including the amount traversed by 
every horse over every part of this 20 miles. 


t It is submitted that ^ 45 per annum can hardly be deemed high ; it would probably amount 
to that average by the achlition of a horse to every carriage ; but when it is considered that most 
of them are single-horse vehicles, each additional horse in those cases would require an addi- 
tional carriage and driver. 
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out consideration of what parties aie to pay for the expenditure, or what parties are 

to receive the benefit,— aconsiderationthat, unfortunately, frequently leads to many 

impolitic proceedings. ■ 

In Ireland, for instance, where the roads are maintained by county assessment the 
amount of funds granted has chiefly reference to the weight of the tax, and not to 
the necessity of the case, or the indirect advantages to the community from good 
ronds.' : 

The first principle to be established should be the most beneficial and economical 
system for the country generally, and afterwards to regulate the just apportionment 
and the manner in which the necessary funds are to be raised. 

It IS not the object of this article to go into the question of how that is to be done 
hut it may be stated en passant that the turnpike system, on the fallacious reason of 
those who me the road paying for it, is considered to he by no means ludicious or 
equitable. 

In treating of the condition of a road, the present intention is merely to consider 
how to preserve its surface, without reference to any question of how it may have 
been carried tbrougb the country, or of its hUls, &o,-matters that have more relation 
to construction than to maintenance. 

A road in superior condition is assumed to be one that has always a hard and even 
surface, with curvature just sufficient for the water to run off, without even small 
hollows in which it wfll lodge, without mud in wet weather, or dust in dry and at 
no tune with extensive patches of the usual sized broken stone newly laid upon it 
_ The mfenor road is precisely the reverse of this in its qualities, but the degree of 
infenonty cannot be very accurately defined: it may, for the purpose of this argu- 
ment, be considered such as would, generally speaking, be termed, more or less a 
heavy or rough road. ' ^ 

The time when the relative condition of roads is most clearly to be perceived is in 

dW ^ inequalities, na 

dirt, no puddles ; it -will be as a good road in summer recently watered 

The inferior will be muddy, in numerous puddles, rough, or soft and'heavv 

to 1 “ Sood policy and economical 

to expend a considerable addzttoml sum anniiaUy in improving and maintaining the 

road in the superior manner, if not to be effected without such extra expenditure 
A road have at least three or four inches of stoning upon it, or, if not very 
firm, wheels wiU in parts cut down to the subsoil, and it will be impassable 

As the stone, tterefore, is worn down to dust or mud, it mu,t be renewed in at 
least equal quantities. 

This IS ^1, therefore, that is absolutely necessary to enable carriages to make use 

c2rse“^ nroccer”^™ would appear, judging by the ordinary 

coune of proceeding, is general, it is considered that the cheapest mode of main- 

mmng a road in a condition to be merely passable, is to do no Lre than lay do^ 
Stone along it, just before it arrives at its minimum thickness ^ 

It seems also to be considered, that whatever improvement is made beyond that 
state, in the goodness of the road, as a measure of convenience, or for the economv 

“ "■ *"* *■ “ •' •» ~ •< 

_ There is, however, great reason to believe that by a proper svstem the on-e»re»t 
improvements might be made at Um, if any, increased ouilly. ^ 

posHfon “d estabUsh such a 

On a thoroughly good road, the wear is even, gradual, and very slow, the carriages 
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work indiscrimmately over every part; but such a condition must be narrowly 
watched, for if left to itself, slight inequalities are formed, each of which tends 
to a more rapid wear of the road ; and in proportion to the length of time that these 
are allowed to continue and increase, and the less frequent and more extensive are 
the repairs, by so much will be the injury done by each carriage: thus, in the first 
case, where the traffic of one week may do, in a given distance, ten shillings’ worth 
of injury, in the worst of the latter it may do damage to the value of twelve or 
fifteen ; if therefore it can be maintained at once in the better condition at the 
higher rate, though the ultimate expense is the same, yet we have the good road 
instead of the bad. 

Independent of the constant perfect efficiency of the drainage, and that a good 
form of cross section be preserved at every application on the surface, there are two 
leading operations to be regulated, — ^namely, the removal of the produce of the wear, 
in the shape of dust or mud, and the application of fresh material to replace the loss. 

First, with regard to the dust or mud, arising from wear or other causes. In 
roads that are much neglected, this waste matter is never removed; in such cases, 
unless under very favourable circumstances of original good construction, very perfect 
drainage, great exposure to the sun and wind, and small traffic on it, the road will be 
very dusty in dry, and very muddy in wet weather, all which not only tend to make 
it heavy to the draught, and to create inequalities, but to increase greatly the 
grinding operation of the wheels, and consequently more rapidly to consume the 
■material, 

From such a state of absolute neglect, various gradations may he adopted ; first, to 
a partial removal, at long intervals of time, when there shall be a great accumulation; 
thence to a more frequent removal, up to the best system, namely, that of constant 
attention, and an entire jprevention of any perceptible collection. In the first case, 
scrapers of different materials and forms are used, or shovels and birch brooms, till, 
in the latter, the broom alone may be sufficient. 

The waste matter from the wear of the road (always injurious if left upon it) may 
be removed as dust or as mud ; — in the former state, however, with much greater 
facility and advantage. As dust, it is removed before it has done much injury ; it is 
lighter and easier to collect; a broom, which is the implement to be used, does not 
derange the surface, as a scraper may in the removal of mud ; — -the scraping away of 
mud will leave much that will form dust, while sweeping away the dust will leave 
nothing for mud. 

Unfortunately, however, the climate of England and Ireland, by the proportion of 
wet as compared with dry weather, would not admit of this removal of dust to any 
very great extent; still the principle would be adhered to as much as possible, and 
at all events no accumulation of either dust or mud should he allowed. 

The sweeping away of the dust or soft mud may be deemed the pre- 

vention of evil; the occasional scraping away the stiff mud in quantities, the remedy 
for it. 

The manner of supplying the material for preserving the necessary thickness for 
the crust of a road will also admit of great variation from the worst system, wliich 
is that of waiting till the surface has lost its shape, is covered with mud and pools of 
water, to which a thick covering of stone, broken to the usual dimensions, is applied 
over extensive distances, and there left to be worn down by the carriages that 
casually pass it. 

This necessarily produces very heavy draught, — chance of injury to horses’ feet, — 
a very slow formation and consolidation, a great deal of displacement of material, and 
extra grinding and wear and tear ; and thus the road is periodically rendered almost 
VOL. ni. 35 
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Another instance is quoted, where, prior to 1 837, the average amount of brolcen 
Stone laid on 33 miles of road was 6000 cubic yards ; under the improved system in 
1837, 5000 cubic yards were applied ; in 1838, only 1350 cubic yards ; and in 1839 
none.'/'.; 

This last case, however, may have been one of those where they have found 
in France the system of heaping masses of broken stone as the only remedy for a 
degraded state of road had led to a great superfluous accumulation of material, in 
many instances amounting to 12 and 15 inches, and in some actually to 3 and even 
4 feet ; in such cases they have subsequently gone on for years attending to drainage, 
form, and keeping the road clean, and applying very little or no fresh material for the 
whole time. 

In another instance the cost has been as follows ; 


Year. 

Expenditure. 

Total. 

Material. 

Road Labour. 


. £ . 

£ 

£ 

1830 

548 

166 

714 

1831 

563 

188 

751 

1832 

498 

151 

647 

1833 

500 

167 

667 

1834 

438 

177 

615 

1835 

398 

145 

543 

1836 

380 

160 

540 

1837 

360 

178 

538 

1838 

180 

233 

413 

1839 

250 

300 

550 


In 1837, when it w^as taken up on the new system, the road required considerable 
iniprovements; in 1840, two-thirds of it were in perfect condition; and whenever 
the whole might be re-formed, it was calculated that from £ 400 to £ 440 would keep 
it perfect. 

But more complete illustrations are to he found in the road from Tours to Caen, 
in La Sarthe, which was in 1836 in so bad a state that an otficial report of 3rd May 
of that year announced, that without a special credit of ^ 2000 towards it, and a 
great additional provision of material, there was danger that it would become 
impassable: in January, 1837, it was put under the charge of Monsieur Dumas. 

The expenditure upon it for some years before and after that period was as 
follows : 



* It is worthy of remnrlc, in the a])ove Tables, how by the improved mode there is an increase of 
rujul liUjour, and a reduotion in consumption of material. 
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.a . 00 ,, me man required always five horses, and the road was then so bad that 
le postmaster lost eleven by the hard work in one year. In 1837 it required four 
an ve horses. In 1838 the number of horses was reduced to three ; and in 1843 
there were only two of middling quaUty, and the postmaster lost none from that 

In this same district in consequence of the improvement of these roads, since 

Ssi ir ® f ^ established; they have now 

(1843) four wheels, are drawn by one horse, carry nine passengers, and go between 
seven and eight mdes an hour: previously, the carriages for the same number of pas- 

senders had two wheels, two horses, and went slower. ^ 

There are somewhat less than 45,000 miles of high road in France, over which it 
was reckoned m 1835 that seventy-five horses in draught passed daily, exclusive of 
passenger carriages, each horse drawing an average of one French ton (1000 kilo 
grammes, equal to about 19| cwt. English) besides the carriage, and ihe eosl of 

Wao?v“?h r?T 3 ^T' English) was reckoned to be one 

hieh n. T! “ *®“Sht of merchandise over the 

high roaik m France between 19 and 20 miffions of money per annum. 

f ‘0 the Pubhc, by maintaining the roads in the best possible 

condition, from that on which these calculations were made, which the. 



ROADS, 


337 


■ The milemen in England seem to be considered generally as a class of gangsmen, 
and have labourers under them in proportion to the work that may be required at 
different periods. 

In France the cantonnier frequently does all the work, except on very special 
cases of need, and some importance is attached to allotting such portion of road 
to each man as he may be able to attend to by himself, and as will give him full 
employment. 

The advantages they propose by this is to render the expense more regular, — to 
encourage a spirit of pride and emulation among them, and thus stimulate their 
ingenuity and exertions ; the entire and undivided responsibility resting with each. 

W to drains, to the shape and trimming of the road, to the 

removal of loose stones, and to very frequent sweeping, preparing material after it 
may be brought to the places of depdt, and applying it where needed (which latter 
must be done in wet weather), it has been found that the work may be made constant 
and generally pretty regular throughout the whole year. 

Under the French system the extent of road given to each man must be nicely 
regulated, so as to give him full employment, and yet not more than he can perform j 
and this adjustment is one of the greatest difficulties in the system, as the efficiency 
and economy of the maintenance will greatly depend upon it ; if the district he too 
large, the man cannot do justice to it ; in that case, some mud, dust, or loose stones 
must be admitted, or inequalities allowed on the surface ; the question will be how 
much it ought to be, and the regulation becomes indefinite and incomplete: if the 
district be too small, it will not be easily detected, as he will hardly confess it, 
or perhaps even he aware of it. 

The object of the preceding remai*ks is to endeavour to establish— 

That to obtain the best of roads requires much more constant attention than is 
now bestowed upon them ; and that there is great reason to believe, that generally 
this may be done without incurring any additional outlay. 

That the drainage ought to be more effective ; and after that is provided for, the 
two leading operations requisite are, 1st, Perfect cleanliness— that is, the removal of 
all dirt from the road before it has time to collect in any sensible degree ; 2ndly, The 
patching of every inequality, so as to preserve the surface perfectly smooth, and to 
provide for the waste in small quantities, and by material of the very best quality 
that can be had, immediately that the most minute want is perceived. 

If a road that has four inches or more thickness of broken stone upon it is in bad 
condition, the proper process will be, not that ordinarily pursued of immediately 
lajung two or three inches of fresh material along its centre, hut to commence 
cleaning it of the dust or mud, then to make good the surface to an even and proper 
shape, pick up all the little hollows, fill them with patches of broken stone, and to 
pay subsequently constant attention to those same operations. 

OBSERVATIONS AND EXPLANATIONS. 

The dirt will be removed chiefly by the broom, and will be far more valuable as a 
manure for land than wliat is now obtained. By removing it rapidly, and keeping 
the surface even and firm, there will be very much, less of the stone-dust, which, 
except ill limestone, causes poorness in the manure ; consequently it will consist 
chiefly of the dung, dead leaves, and other extraneous matter deposited upon it, 
which is in much greater quantity than would generally be supposed. This may be 
illustrated by the dirt that is collected, where there is much traffic, even on the best 
pavements, the wear of which is in this respect as nothing. 

it is well known that the more clean and free from dirt the broken stone laid on 
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r^s is, the better : by laying it down in repairs on a dirty road, yon are manifestly 
fnn^ngthis rule, and mmng up with it a quantity of matter that is thus acknow. 
lodged to be prejudicial. 

The employment of the toughest and best material for the broken stone is of far 
more importance on this than on any other system ; the reduction in the quantity 
consumed wdl, under most circumstances, make up for the excess in its price ; and 
th^ reduction essentially lessens the amount of a,eri, species of the work. 

One great advantage of a hard even crust dt all times is, that it will bear far 
greater woghts with equal thicknesses. An instance is mentioned, in one of the 

being drawn by thirty-three horses on a 
mac f • 6}-mch tires, over three quarters of a mile of a good 

macadamized road of only four inches thickness of metal, without leaving any per- 
c ptihle_ trace; therefore, a perfect road, kept to an habitual thickness of ei^t 
nine inches, will not only be sure to be perfectly substantial, but will in times of 
auftb*”^ «°fsiderable period of wear and tear without fresh supplies of material • 
and the reduction being very gradual, there wiU be a power of materiaUy regidatin J 

the labour connected with that supply by the demand for it. Thus at ~t the 

given quantities of stone must be provided throughout every year and^ at precise 
r“ot STTh.’’ I\* f “■’P'l “I I” to .mo.! or for 

Where roads are to be kept in such perfect condition by minute attention over 

hcwT^'i f importance that they should not 
bowlder between the water-tables than may afford amjle space for the tr^" “ a 

^.enceofanimprovedroadwinbe^^^^^^^ 

WiU be less as compared with the service it renders. expenditure 

^ The cost,^however, of maintenance of roads, as compared one with another will hv 
no means be always in proportion to the amount of traffic ; among ol^ 

source of encomgettrttohtt labourer, the employment will create a 

The work, though constant, wiU be of a lighter, more cleanlv m:? i,» un 
character than that of the ordinary day-laboum on tlm „ a I’ ^ ^ 
is frequently day after day wading in delp mud. In Ffance they des^X”!’ 
some of these constant men {oantonniersUt eigUy 

even’women ™dren 

cuIlceTlm o"fto"trL'S.“' "" ““ “T 

lenjh may be increased, and on great’outtetatopoplus plac^nronl man could 
probably undertake anything like one mile. s, no one man could 

Experience in France seems to shew that a man can sweep in dry weather between 
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260 and 270 yards of road of from 15 to 18 feet wide in a middling state, and double 
the distance if in a perfect state : suppose Ms charge to be one mile and a half, he 
could therefore sweep it all over three or six times per month, if the weather 
was diy, and he had nothing else to do j in general, however, one or two complete 
^weepings per month was found to he adequate* ' 

Something may be said on the manner of operating on the system here recom- 
mended, and on some of the tools that have been found useful in this mode of 
maintenance. ■ ■ 

Bvery little inequality or hollow in the road is to be repaired very early, and while 
it is small. It may be observed that these are always of a round or oval form, and 
therefore the square or rectangular patches which the workmen are usually inclined 
to make of them are wrong, and a waste of material. 

Picking up the surface before the patching with new material is only done 
to a depth of about half an inch, rather more at the edges than in the middle, 
and if some of the finer particles can be raised and laid over the broken stone 
as blinding, the effect will be improved. 

The stone for patching should he broken fine (say to 1|, or at most l-l-inch ring) ; 
of those broken to dimensions not exceeding 2 inches, one-half or more will be 
sufficiently small, and the rest can he reduced. 

The use of a rammer and mallet is of great service on new-laid patches of broken 
stone. A rammer weighs from 11 to 22 tbs., with a surface of about 6 inches in 
diameter. This is applied to the new-laid material, and gives it a certain degree of 
consistence; the impressions made by the horses^ feet or by wheels are 
to an even surface again, which is far better than raMnff over the inequalities ; if the 
fall of the rammer is not sufficient, a mallet of similar weight and surface enables a 
greater force to he applied. Whether rammed or not, another description of mallet 
or fiattener is very useful ; it is of from 18 to 22 tbs. in weight, with a surface of 12 
or 13 inches diameter. 

These tools, though inferior to the roller, have been employed very successfully in 
the consolidation even of new roads, thus ; after the broken stone has been laid in, 
proper shape, a very slight sprinkling of gravel, or other fine clean small stuff, 
is spread over it ; as the carriages pass, the rammers are used to level the ruts and 
traces of horses’ feet, &c., instead of raking. In this manner roads have been 
brought into a firm, smooth state in two months, when six were consumed to 
produce the same effect where not rammed. 

Whenever loose stone is to be consolidated, it is absolutely necessary that it 
should he wet ; if the weather is dry, there should be artificial watering. Even in 
patching the road, the same should be attended to, if possible ; at least, the con- 
solidation will never take place until there is wet. 

After a long period of dry weather, even good roads will begin to loosen ; watering 
and the rammer or fiattener will quickly put them to rights. 

The dirt of a road is removed with most facility as dust ; the next most favourable 
state is as very liquid mud, because, in either case, a broom is sufficient for 
collecting it. 

The best qualities of brooms for different circumstances vriU he readily ascertained 
by experience, and, no doubt, means will be readily found to make brooms of con- 
siderable width, say two or three feet, either to be worked by hand in the usual way, 
or on wheels in order to facilitate the operation. 

The collection of dirt swept up must he very carefully packed on the side of the 
road, in a manner to form no impediment to the water draining off from the surface, 
and should be carried away altogether very soon. 
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ON WATERING ROADS. 

The laying of dust hy watering, as is the usual practice, instead of removing it, is 
a pernicious and expensive system. 

In the first place, it requires the frequent application of large quantities of water, 
and forms at once a mass of mud, as may be frequently witnessed: this mud tends 
to a more rapid grinding and wear of the surface while it lasts ; hut during very dry 
weather it soon dries up, and requires the operation to be again repeated. It is in 
fact, instead of removing the evU, substituting another for it, and one which requhes 
to be constantly renewed. ^ 

If the s^ace were hard, and the dust carefully removed, a very light sprinkling of 
water might be applied to much-frequented roads in dry weather, as a luxury. 

It mil be said, perha,ps, and may be acknowledged, that sweeping up great quanti- 
ties of dust would, in itself, he an intolerable nuisance, but the object is to prevent 
any great accumulation, by commencing as soon as it begins to form ; and the sweep- 
ing may be done either in conjunction with a slight watering, or very early in the 
mormng, when there is little traffic, and little to be disturbed by it, and when the 

dew of the Right will tend to prevent its rising SO much. 

Where watering is practised, there are few cases where a very great saving in that 
^ostly operation might not thus be effected, and applied to the removal of the dust or 

ON MACADAMIZED ROADWAYS IN LARGE POPUIODS TOWNS. 

There may be doubts as to the poUey of macadamizing streets of cities and popu- 
lous towns, on account Of difficulty of perfect drainage! frequent wants of the full, 
free effect of sun and wind ; and impediment, by reason of the constant great traffic, 
app^ltton perpetual attention to the removal of waste matter and 

pavement is eventually cheaper, and altogether 
P'rrticular, namely, the noise; the wood pavement 

IS subject to inconveniences that have hitherto been insurmountable. 

" "• 

IsSa tL proceedings are practised, and yet it must he confessed 

fnlfitr T ^ “ost imsatisfactory condition, and any thing but 

X rnd ^ habitually covered 

with mnd, and in s^mer they would be as deeply overwhelmed with dust, but for 

Kofuse watenng; they have, in fact, at all times, a tMek coating of dirt on them 
mixed up with the broken stone of their substance, to the very foundation. 

suffieil^to wT and removing mud; but it is not 

sufficient to kwp it under in any essential degree. The nature of the work may be 

judged of by the very name which is given to it, ‘ ScMengering.’ In fact, the Ln 

“» “ ■“* “» 

A smdl portion of the scrapings is sold as manure, at 6d. and Is. per ton- it 


. “*• “ “■ “■ ■“ a-i.. 
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macadamized streets) is carried away and deposited as spoil at tlie expense of the 
Paving Board. 

The watering, though not universal, is applied to almost aU hut small streets. It 
is paid for in a separate rate by the inhabitants of the streets who apply for it. 

In summer, the roadway, excepting by being watered, is left very much to itself, 
the only other operation being to lay down occasionally patches of broken stone 
wdiere the surface gets so bad that it cannot be delayed. 

The result of the laying down the stone at that season (and sometimes necessarily 
in very dry weather) occasions great inconvenience and wnste. The horses and 
carriages when forced upon it suffer in consequence. The material will not, in spite 
of the watering given to it, consolidate for very long, but some is cast about loose, 
and much is crushed; in fact, unless it crosses the whole way, it acts chiefly as a 
beacon to warn carriages, as long as possible, from those parts- 

The material is, however, chiefly laid down in winter, and is gradually consolidated 
by the traffic, commencing in the ordinary manner along the edges ; hut by such 
means, and surrounded by mud, there is a very great loss before the portion that 
ultimately remains becomes fixed. 

It can hardly be doubted but that means might be devised for greatly improving 
on this system, and obtaining better roadways, even at the same expense- 

It would not be easy to define at once, in every particular, exactly how it is to he 
done ; but it might be worthy of experiment. 

The two principal measures to he adopted or ameliorated are— 

1st, To keep the roadways always clear of any collection of dirt upon them. 

2mily, To fix on the means for laying down, in the most advantageous manner, 
the broken stone that will be necessary to maintain adequate thickness for beanng 
the traffic. ,, , 

First, With regard to the cleaning, it will he done chiefly (it may be hoped 
mtirely) with the broom; it will perhaps be difficult to be executed amidst all the 
traffic, but not so much so as would appear. Judging from the present state of 
the roads ; because it is contemplated that at no time will there be more than a very 
slight quantity of dirt to remove, and that chiefly of the matter dropped upon the 
■"'surface. 

It is impossible exactly to foresee how often each part will require to he swept 
over; the most frequented thoroughfares perhaps daily, others from that to once 
a week, or even ten days, the least being on those that are paved and least 
traversed. ■ ■ 

It is to be understood that this operation will take place in summer as well 
as winter, in the driest as well as in the wettest weather, though perhaps not 
so., 'often. , . '■ '■• ■ 

How the sweepings are to he put together and carried off will he another arrange- 
ment for experiment ; the point will he not to waste horse-hire by keeping the carts 
lingering all day over perhaps two or three miles, yet at the same time so to dispose 
of the mass collected in the street as not to be in the way of the traffic or scattered 
about until the cart shall come round for it. 

It is suggested that any medium course of partial clearance, that is, making the 
streets somewhat more clean than at present, would certainly lead to failure ; it 
would cause an increase of expense in one item, without a compensating reduction in 
others; it must be the endeavour to perfectly cleauy and free at all times from 
mud or dust, wlmtever parts may be submitted to the operation, so that every wheel 
may roll over the hard compact surface of stone alone. 

This can only be partially effected on the present road surface, the whole mass is 






SO deeply mixea lip -with dirt, but may be done perfectly after every sueeessive eeneral 
spreading of broken stone hereafter. ^ 

If ftese streets were constantly kept perfectly clean, hard, and even, and the 
material was of a tough good quality, the actual wear of the surface would be 
extremely small, less, no doubt, than infk in the year, even in those most 
requented; the wheels, m fact, would be running over a smooth pavement made of 
small materials.'*' 

SWl, even at that rate, it would be more convenient, where the intercourse is 
nearly incessant, to have the supplies laid down occasiouaUy in general masses, in 
preference to the course recommended for roads under other circumstances, bv 
minute repmrs e^clmivdy, because in this case the small additions would be too 

more especially because in towns the more extensive 
spreading of broken stone can without difficulty he + V. 


^ • U Ui uonsoiiaaiea metalling need never exceed 

bout nine inches, nor ever be less than four or five; when reduced to that minimum 

lid l^“tl 1 *’" J°°sely picked, and about four or five inches of broken stone 
laid along the street, and most completely roUed, with the necessary blinding on the 
most approved system. 5 

It is indispensable that it should be made thoroughly firm ; it would then brin-- 

“r“z“ “»“■* “ »• 

The nevv-Uid material must be well attended to, and rolled until it is perceived that 

^ 

This will be the substance for regular wear, audit is calculated will last two three 
or more yem ; small depressions, inequalitm or want of form, as soon as they can’ 
be perceived, being minutely corrected from time to time, by piJkimt the surZ. 

then patching' with small quantities of Stone, broken fine. ’ 

There are 76 statute miles of streets under the Paving Board, of which 52 of the 
mostrmportant are macadamized, and 24, chiefly inferior thoroughfares, paL. 

'■ •' ■»«.«- 

For Macadamization and paving . , 11 036 

” ^““"“Sering ; ] ; 

Watenng 


. rrom tne nrst item about 44450 maybe deducted as the ei 
sti-eets, of crossings, gravel, &c., leaving & 6586 for the macadat 
Thus we have 415.822 for the cost of maintenance of the 
“ossmgs, & 0 ., which may be supposed to remain as at p 
■With regard to the relative expense of the system now proposi 
the above, we shall have the following items of increase. 

1. The street labour, in sweeping, keeping them clear of loo! 

S SXT” ““ ‘ 


* The wear of surface o 
found to be less than half 


very firm, even, and dean, in France, was 
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2. Eollirig thorougiily at the times of the general laying down of material. 

(1.) The first will require a yery large expenditure to give it full effect* 

The great leading streets may require an average of one man for every 200 yards, 
—less in Slimmer and more in winter; others will not require so many, gradually 
reducing down to the smaller paved streets, for which one man per half-mile, or, 
perhaps, even per mile, may he ample. 

Suppose then an average throughout the year of about four per mile ; 300 men 
daily would he employed in this service, which at Is, Ad, each would amount to 
iE''.6260'" per' annum., ■ 

Then suppose 20 one-horse carts daily, for the removal of the sweepings, at 4^. 
tlie cart, would amount to £1408. 10^'., making £7668. lOs. for this most material 
item. . ' ■ . 

(2.) For the rolling, estimating the general laying down of broken stone over every 
part of the macadamized ways to take place once in two and three years, we wuH 
allow 20 miles to be rolled per annum: the average wddth of the streets is 32 feet, 
and the cost consequently may he £ 38 per mile, or £ 760 for the 20 miles. 


^ 5 , d. 

Add this . . . , • . . . . , • . 760 0 0 

To the above estimate . > ... . . 7,668 10 0 

The amount will he » . . . . . . . 8,428 10 0 

Which deducted from . , . . . . . 15,822 0 0 

Leaves for broken stone and watering . . 7,393 10 0 


The latter will he greatly reduced; hut leaving it as before as an extraneous charge, 
namely, £1842, there will remain £5551, 10s. for broken stone. 

The cost for this item is now about £ 5700, but it is one in which there must be a 
very considerable reduction, at least equal to one-half, when the system is thoroughly 
acted upon; say that the cost should then amount to £3000, there will remain 
£2500 for contingencies, or to make good any deficiencies in the above etdculations, 
which, however, it is believed are by no means forced. 

There will be an item of increase in the available funds, though not large, in 
the sale of the street sweepings, which will be all valuable manure, and a saving 
in the necessity for carrying any to spoil. 

Where road -work is to be done as proposed, chiefly by daily labourers, it is a 
matter of consequence so to adjust the work as to require a constant and uniforni 
supply: this is done now in Dublin very much by working at the paved streets, 
when less is required on those that are macadamized, and such arrangement may be 
continued.; 

ON BOLLING NEW-MADE BOADS. 

The importance of rolling roads, either newly constructed, or when subjected to 
extensive repairs, seems never to have been duly appreciated. 

Lines of any length of new-laid broken stone may be deemed nearly impracticable 
to ordinary traffic ; the worst and most hilly old roads are always taken in preference 
to the new roads while in that state, although the latter may be much shorter, and 
with very improved levels. 

At length the old road is shut up, carriages are forced to take the new, occasioning 
the greatest inconvenience and drawback to the intercourse for perhaps a year or 
more, a great wear and waste of the material, and a considerable expenditure in 
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watching and maintenance, until the material, or what remains of it, shall be finally 
consolidated, and even then in a very imperfect form, unless great pains are taken 
with it. 

The rolling is, in fact, effected, but in the most distressing and expensive manner, 
and by carriages and horses very ill adapted to it. 

These evils may be entirely prevented, the road put at once into good working 
condition, and, certainly, a considerable expense eventually saved, by thorough 
systematic rolling; nor ought any road to be considered as made until that operation 
shall be completely effected. 

Three reasons have probably operated to prevent this principle having been acknow- 
ledged and acted upon. 

1. Because the traffic on the road will, sooner or later, do the work, thereby 
apparently reducing, in a small degree, the cost of the original construction or repair. 

2. Because^ a roller is not usually at hand, and from its weight and unmanageable 
character, it is most inconvenient and expensive to be removed from one place to 
another, so that in most cases one would have to be constructed for the purpose, and 
subsequently be useless. 

3. Much uncertainty, as yet, as to the best manner of operating, its efficacy, and 
expense. 

The first reason is founded completely on error; it is manifest that this manner 
of completing the road by the traffic is most inconvenient, and occasions enormous 
sacrifices by the parties using the road, and consequently a great loss to the public in 
general; nor can there be a doubt but that the actual expenditure on the mbsequent 
early maintenance of the road itself is greater than would be incurred by at once 
operating thoroughly with the roller. 

With regard to the second reason, there are many ways in which the objection can 
be greatly alleviated* 

Although there is some justice in the third, and that the most perfect mode of 
proceeding is not yet perhaps understood, there is so much useful effect to be 
produced by any, that it is surprising that it has not been reduced to just principles 

by experiment, and generally adopted. 

The practice of rolling has been rare, and almost entirely confined to gentlemen's 
demesnes, and occasionally to the macadamized roadways in some cities ; but in the 
latter, it is beHeved, without the application of sufficient means for the purpose. 

There are certain considerations which may serve as guides to arrive at just 

conclusions with regard to this proceeding. 

h A roller should not be too heavy in proportion to its bearing surface, or, instead 
of binding the matenal in the position and form laid down and desired, it will press 
It more or less into the substratum ; much of the material will thus become useless, 

an it wiU be very troublesome to obtain the necessary resistance for the eon- 
sohdation. 

2. It must not be too Kght, or the effect will be too small ever to gain the object 
nuly! or at any rate, without an extent of operation that would be very costly 
or inconvenient. j j 

It M beUeved that the ordinary roUers are too light, which may have thrown the 
practice into disrepute. 

For the DubHn streets they have a roller of two contiguous cylinders, each of 
4 ft. diameter and 1 foot 6 inches in width, making in all a bearing of 3 feet; it 
weighs 2 tons 3 cwt.; only two horses are attached to it, but the work is exceed- 
ingly heavy. It is applied to successive layers of material, in new formations, and 
about an inch of gravel is worked into the upper layer or surface. It is said to 
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consolidate the roadway very effeetually, but might probably be improved by adding: 
to its weight.* 

From other recorded trials, however, there is reason to believe that a road roller 
should not be lighter than 28 cwt. for every 12 inches lineal of bearing on the road; 
that is, if 4 feet wide, that it should weigh 5 tons 12 cwt. ; if 3 feet, 4 ions 4 cwt., &c. ; 
and that it should only he applied to the upper surface of all* 

A roller somewhat heavier than 28 cwt. per foot would be more effective, but it is 
better after that limit to gain the object rather by adding to the number of times 
passing over the surface than incur the mconveniences of the heavier machinery. 

This is one very interesting point to prove, namely, the relative effects of light and 
heavy rollers, taking into account the number of turns required by each. 

3. For effect, the wider a roller can he, the better, because the operation will 
be more quickly performed, and because, in proportion as it is narrow, will there he 
a tendency to force the broken stone laterally from under its action; but, as the 
weight must he in proportion to its bearing surface, the width must be limited 
to a degree that will prevent that weight being too unwieldy ; a very narrow roller 
might also have a tendency to overturn. On the other hand, one that is very wide 
may take up too much room, if the road is open to traffic during the time of 
itS'Use. 

4. Horses should not be obliged to use very great exertions in drawing a roller, or 
the action of their feet will discompose the loose stones very inconveniently ; there- 
fore, as the draught is very heavy at first, and never very light up to the last of 
the operation, they should not have more than from 10 to 12 cwt, each to draw 
at first, nor so much as a ton each at last. 

5. It would be desirable not to put more than four horses to such a machine, 
because as the number of horses is multiplied, it becomes more difficult to obtain a 
perfectly united effort from them ; but on the above data a roller of 4 tons 
maximum weight might be too small for the best service, and as six horses may 
perhaps be applied without inconvenience, it is proposed to give that number 
as a limit, and to allow 5 tons 12 cwt. as the maximum weight for the roller ; this, 
at 28 cwt. per foot of bearing, would give it a width of 4 feet. 

From the Continent we have records of several trials that have been made of late 
years of the effect of rolling new-laid material on roads: although there are 
discrepancies in some of the particulars, there are many in which all agree ; and in 
all, the practice has been strongly recommended. 

The one that seems to he the most practical is a roller described as first used in the 
Prussian provinces on the Ehine, and from thence introduced with some modification 
into a neighbouring district in France. 

It consists of a cylinder of cast iron of about 4 feet 3| inches wide and 4 feet 
3-| inches diaraeter.f On the axle, by means of iron stanchions, is fixed a large 
wood case of 6 feet 4-^ inches long, 5 feet 8| inches wide, and 1 foot 8 inches high, 
open at top. 

This roller has a pole before and behind, in order to be able to draw it in 
either direction without turning ; the hind pole is sometimes used to assist in guiding 
it. It has also a drag, by the pressure of a board on its face, in the manner used for 
French waggons. 


* A short street (Herbert Street), made in 1836, and then well rolled, has never required repair or 
new material since, up to this time (1843) ; it is a good street, but not entirely built on, nor a great 
thoroughfare. 

t These and other dimensions are necessarily in odd numbers, owing to reducing them from 
French measures and weights. 
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The cylindei: and other iron-work weighs nearly 2 tons ; the case and wood-work 
about 19 cwt., making the whole 2 tons 19 cwt. 

The case will contain a weight of stone of 2 tons 19 cwt. when completely loaded; 
therefore the entire weight can be brought up to 5 tons 18 cwt. 

Six horses worked it well. 

It is passed over the entire surface of the road once or twice without any loading, 
and weighing consequently nearly 3 tons, to obtain a first settlement of the loose 
material; then one or two turns with about U ton loading, making U tons; 
and then the last turns, making ten in all, with the full loading, when it becomes 
5 tons 18 cwt. 

Traversing 12 mUes, it will thus completely roll about 3000 square yards* in 
one day, or about a quarter of a mile of a road of 21 feet width. 

AE accounts agree as to the absolute necessity of applying some gravel or 
other sharp, gritty, very fine stuff on the surface, during the operation, without 
which it will not be thoroughly bound. 

The consohdation commences with the lower part, which is the first to get fixed 
and arranged; and when, after about six turns over the whole, the upper layers have 
become tolerably firm and well bedded, some sand, or stone-dust, or, what is best of 
all, sharp gravel, is very Ughtly sprinkled over it by degrees at every successive 
rolling, solely for the purpose of filling up the interstices oi the broken stone, and not 
to cover it; about 3 cubic yards in the whole per 100 square yards (equal to about 
an inch in thickness if spread over the whole surface) will be required. It is essential 
that this small stuff be not applied earher, or it ■will get to the lower strata, and not 
only be wasted, but prove injurious; the object is that it should penetrate for two or 
three inches only, to help to bind the surface. 

Provided the upper interstices are filled, the less gravel used the better; therefore 
It IS applied by little and Uttle after each of the three or four last successive passages 

of the roUer, and then only over the places where there are open joints. 

After the work, if well done, is completed, it is stated that such is the effect that 
the upper crust may be raised in cakes of six or seven square feet at a time, which 
it could never be without the gravel. 

The effect may be improved also by having the upper inch or two of stone 
liner than the rest, say, to pass a ring of IJ inch or H inch. 

This work should be done in wet weather, or the material will require to be 
profusely w'atered artificially. ■ 

It will he better that it should not absolutely rain, unless very lightly, when 
the gravel w applied, (although the stoning should be wet,) as it will Lse it 
to adhere to the roUer, and even at times to bring up the broken stone with it 
In frost It IS of no use attempting to roU. The state of the material, as regai-ds its 
being wet or dry, will have great influence in the success of the operation. 

th preserved by rolling from the two sides towards 

the middle, and not commencing along the latter. 

The calculated expense of the work in France was-— 

For six horses and two drivers, per day . f 4 0 

■Tor six labourers attending on the road, assisting at the' 

roller, levelling inequalities, spreading gravel, &c. ..070 

Total for 3000 square yards . 1 H 0 

♦ Some of the calculations are not strictly in accordance with the data, because the 
saves are not given m minute fractiona parts, and consequently the rednirtion of tLe remits 
shew a difference ; hut it is very small, and of no consequence in a general consideration of the matter. 
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being about one penny for eiglit square yards, or one penny per nmning yard of road> 
twenty-four feet wide, and amounting to about £ 7. 5^. per mde. 

For Ireland these priees would have to be increased, thus— • 

£ s. d. ' 


For six horses, with drivers, per day . * . . , , . • 17 0 

For Six labourers, at 1«. 4d ... , , • A . . . 0 8 0 

1 15 0 


It is considered that a modification would be desirable in this foreign roller, 
by making it only foinr feet wide; its weight might then be, with its box for the 
additional loading, &c., about 2^ tons, which with an extra loading of 2 tons 2 cwt. 
would bring it to the 5 tons 12 cwt. for its extreme weight, at 28 cwt. per foot. 

Such a roller passing ten times over every part, and working twelve miles per day, 
would require five days, and the operation cost about £8. 15^. per mile of road, 
of twenty-four feet wide completed. 

The gravel ought to be considered as material, but in this case it is an addition to 
what would otherwise be applied ; the cost therefore must be added. 

Suppose it to amount to one shillmg per cube yard, the expense, at thirty-six 
square yards per cube yard of gravel, will be about £ 19. 5a. per mile of road of 
twenty-four feet wide. 

This would bring the whole to an amount of £28 per mile. 

However perfect the roiling may be, there will be at the end a slight elasticity and 
yielding of the surface, which will only become quite firm and hard after some days' 
traffic, say from six to ten when tolerably frequented, during which its form and 
smoothness must be carefully attended to; add, therefore, £2 per mile for that extra 
work, and the cost will be £30 per mile. 

The expense of the operation of the roller (independent of the gravel) is so small, 
that if the weight is under-estimated, so that the width of the roller should require 
to be reduced to three feet, thus adding one-fourth to that part of the outlay, or that 
it would require to be passed a greater number of times more than calcnlated, 
that increase would not he of essential importance on the gross aniount. 

If artificial watering should he necessary, that expense also must he added, but it 
would be small. 

The subsequent wear of material, under proper care, wiU be most trifling. One 
French Engineer states, that where the rolling in this manner has been successfully 
performed, there has never been a necessity for applying above one cubic yard 
of broken stone per 300 square yards of road in tbe next year ; that in one instance 
only one cubic yard per 1500 square yards was used, although on a road subject to 
the passage of 400 horses in draught per day; and on another road no fresh stone 
was laid for three years. 

To make a more direct comparison, however, of expense, it may he assumed that a 
much greater diminution of thickness will take place in the consolidation by the 
traffic than if eifeeted at once hy the rolling, because the narrow wheels of ordinary 
carriages penetrate into the loose matter, and force the lower part of it partially into 
the subsoil. The displacement, and grinding, and crushing is also very great; 
whereas, in roUing, the entire is preserved and in its proper place : it may therefore 
not be too much to estimate, that if it require ten inches of loose material to bind into 
six inches hy the ordinary process, as it probably would, eight inches, welt rolled, 
would give the same; if so, the saving at once would be veiy great : thus, suppose 
the covering of one inch of stone to cost as much as two inches of gravel, that is, if 
the gravel is valued as above, at Is. per cubic yard, that the stone be valued at 2 s .5 
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then we have four times the cost of the gravel, which was stated to be ^20 per mile 
or ^80 to set against the £30, estimated expense of rolling. ' 

If the rolling effected a saving of only one inch of the broken stone, still the cost 
of that one inch would exceed that of the rolling, including the gravel. 

^ This last calculation is given only as a proof of the saving, and not as recommend- 
ing the reduction of the mass of material laid down to a minimum ; on the contrary, 
as the rolling of the surface is a final measure, and requires no renewal until the road 
is worn to a minimum thickness, the most economical plan probably would be to 
apply a considerable degree of substance at once, enough to last some years, so as to 
reduce the number of periods when rolling would be necessary. 

In some few situations the very formation of the road may be made subservient to 
its rolling. 

^ In the construction of a new road over the Carey Mountain, in the county of 
Antrim, material for stoning the road was quarried in several parts of the mountain 
up to its summit. 

Some carts were made with wheels of four-inch tires, and the laying of the broken 
s one being commenced close to the quarry, the work was carried on from each quarry 
o«!» the loaded carts being taken over the new-laid material, working sys- 
tematacdly over the entire width of the road, and discharged below, returning up the 
mu light. By the tame the work was completed, the road had acquired in this way 

a considerable degree of consolidation without extra labour. 

• f be worked up inclines of one 

m twenty by mcreasing the number of horses, but not steeper; if at all exceeding one 
in thirty. It would probably be better to apply the roUer in its lightest state, and 
increase the number of passages. 

It u very desirable to complete rapidly what is once begun, but it is attended with 

tumSlih^X ® at a time, which leads to the occasion for 

turning the roUer very frequently, a manoeuvre that is particularly inconvenient. 

mot S„r ^^e^ions and weights are suggested to be likely to prove the 

adanted to the ° happen to be in possession might be tried and 

adapted to the aWeprmciples, which will usually require weight to be added with 

andsUnatim! ^ “ various ways according to circumstances 

and situations ; the most simple will be a large case on the roller, for loading with stone 

""“’i ’^8%hts might be used instead of stone, pmtly on or 
^spcnded to the axle, within the cyUnder, or in a case outside, which might he then 
mueh smaUer, and the waght be more compact and more easily shifted^ or for use 

ndlt hT’ dimensions and weights were ascertained, rollers 

might be prepared of two or three quaUties, that is, all of the same extent of bearing 
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position, and cause a void between it and the cases which produces explosion 
extremely dangerous. 

It would appear that rockets left long in store are more easily affected by climate 
than those recently made. 

By the last ‘Equipment for Kocket Artillery in the British Service,^ (a Memoir 
dated 16th June, 1847,) it is directed that “ With the view of extending the know- 
ledge of the Eocket Service in the Eoyal Horse Artillery, the Master-General has 
directed that each of the Troops in Great Britain shall have a Eocket Section as a 
part of its equipment, and that the Eocket Troop shall no longer form a distinct 
branch of the Service : the following alterations will therefore take place, viz. : 

“ The Eocket Troop becomes I. Troop, to be reduced in its number of horses to 
41. C. and II. Ti*oops to be supplied with a 6 -pr. rocket carriage,* &c., and their 
establishments to consist of 41 horses each, 

“ A troop, on arrival from Ireland, to he completed in like manner. 

“To meet these anmgements, 12 horses are added to the establishment of the 
■Horse 'Artillery.” 

The equipment of a 6-pr. rocket carriage in its ammunition, &c. is as follow^s : 


Rockets, fire-shell . . . 216 Boring hits . ... . 2 

Bursters , . * . . . 216 Brass scale for ditto . . 1 

Funnels . . . , . . 2 Turnscrew hits ... . 2 

Boring stock .... 1 Grease-box . . .... 1 

The detail of a 12-pr. rocket carriage in its ammunition, &c. 

Rockets, fire-shell . .100 Boring bits . . . . . . 2 

Bursters . . . . . . 100 Brass scale for ditto . . 1 

Funnels . ..... 2 Turnscrew bits . . . . 2 

Boring stock .... 1 Grease-hox . . . . . . 1 


The rocket tube is considered a part of the carriage, and therefore not detailed. 

■WAR ROCKETS, f 

“ The cases of war rockets are made of sheet iron, lined with paper or wood veneer. 
The head is of cast iron, and may he either a solid shot or a shell with a fuze com- 
municating with the rocket composition. The case is usually charged solid by means 
of a ram or a press, and the core is then bored out. 

“ The dimensions of war rockets are indicated by the exterior diameters of the cases.” 
The rockets of the United States Army are of two kinds, viz. 

“ 1st, The Congreve rocket, which has a directing stick fastened to the tail-piece 
in the axis of the rocket. 

“2nd. Hale’s rocket, which requires no stick, its direction being maintained by 
a peculiar arrangement of boles in the tail-piece, through which the flame issues, 

“ Wav rockets are usually fired from tubes or troughs, mounted on portable stands 
or on light carriages,” 

I)escr72)tion of an Alteration in the Construction of Rockets^ prepared hy the Director 
of the Royal Laboratory^ by Order of the Right Honourable Sir George Murray ^ 
G.C.B.f Sfc, Sfc^t hfaster-- General of the Ordnance^ by uohich 

Rockets may be used either as Shot or Shell Rockets ^ and the Shell he made to 
burst either at long or short Ranges^ as may be required. 

Every rocket is fitted with a fuze screwed into the base of the shell The fuze is 


as long as the size of the shell will admit of, so as to leave sufficient simee between 



* figs. 3 and 4, Plate XXXI., article ‘ Carriage,* vol i. 

t From the Ordnance Manual of the United States Army, second edition, Washington, 1850. 
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The following additions are to be made to rocket eq^uipments : 

Bursting powder, fine grain, made up in bags, and marked according to the nature 
of the rocket. 

Funnels for loading the shells. 

Boring stocks or braces. 

Boring bits, of the^ame diameter as the fuze composition, fitted with brass gra- 
duated scales, and of length sufficient to bore to within one inch and a half of the 
top of the cone m the 24-pounder rocket, and to within one inch of the top of the 
cone in the 12, 6, and 3 pounders. 

Turnscrew bit for the plug. * ^ ^ ^ ^ 

Grease for the boring bits. 

These ad&ionaV particulais wiU be provided to all rocket equipments, packed in 
cases, according to the pattern fixed upon, and in the foUowinn uronortinn 


&oery 12'‘pound[er field carriage, 

* - 100 Brass scale, fitted to ditto 

* * 2 Turnscrew bits . , . , 

V • 1 Grease-box 


Bursters , 
Funnels . 
Boring stock 
Boring bits 


Nature of 
rocket. 

Distance from 
the surface of 
the shell to 
the end of the 
fuze, in inches 
and tenths. 

Length 
of the 
fuze. 

Distancefrom 
the surface of 
the shell to 
the top of the 
cone in the 
interior of the 
rocket, in 
inches and 
tenths. 

Diame- 
ter of 
fuze 
compo- 
sition, in 
tenths ot 
an inch. 

Diame- Diame- 
ter of ter of 
fuze- plug- 
hole, in hole, in 
tenths of tenths of 
an inch, an inch, 

Shell 
contains, 
of line 
grain 
powder, 
in 

ounces. 

Thick- 
ness of 
the 
rocket 
compo- 
sition 
above 
the cone. 

24-pr. 

1*6 

3-3 

9*3 

•25 

•75 

•4/ ,, 

8 | 

3*3 

12-pr. 

1* 

2'5 

7-2 

•25 

■ *75 

' ' 


2-8 

6-pr. 

•9 

2- 

5*7 

'2 

•55 

•25 

i-S- 

1*8 

3.pr. 

•7 

1*3 

4‘ 

•2 

•55 

•25 

% 
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To every B~p(MfideT field carriage. 


Bursters . ... . . 216 Brass scale for ditto ... I 

Funnels . . . . . . 2 Turnscrew bits . . ... 2 

Boring’ stock .... 1 Grease-box . . . • . . 1 

Boring bits . . . . . 2 


To every horse or mule load in ^-pounder mountain eguipin&%is. 
Bursters corresponding to tbe number of rockets. 


Funnels ...... 2 Brass scale for ditto . * . 1 

Boring stock .... 1 Turnscrew bits . . . . . 2 

Boring bits 2 Grease-box . . . . • • 1 


In Field Service tbe bursters are to be carried in tbe limber-boxes, in canvas car- 
toucbes similar to those in which the held ammunition is carried ; being, for the 12* 
pounder rocket carriage, 50 bursters in each limber-box, diminishing the former 
number of rockets by four, to make room for them ; and the small stores in a box on 
the body of a carriage opposite, and corresponding to the slow-match box. For the 
6-pounder carriage, 108 bursters, also in canvas cartouches, in each limher-hox, 
diminishing the number of rockets by eiglit, and the small stores in a box which is 
between the limber-boxes. In mountain equipments, the bursters and small stores 
in a box fitted to the pack-saddle. For Her Majesty's ships of war the bursters will 
he issued in numbers corresponding to the established number of rockets, in the metal- 
lined cases of the Service, and the small stores in a box made for the purpose. 

For garrisons, or other occasional demands, the bursters wiU he issued in such 
packing cases as are now in the Service, and best suited to the number of rockets 
demanded, and the small stores in a box made for the purpose. 


Some general ohservaiions on firing rockets under the altered circumstances. 

If the rocket is to be used as a shot rocket, the only thing to be attended to is to 
take care that there is no powder in the shell and that the plug is secured in the 
plug-hole. 

If the rocket is to he used as a shell rocket, at the longest range, the plug is to be 
taken out and the shell filled, the fuze left at its full length, and the plug replaced. 

If at the shortest range, the fuze is to he entirely bored through, and tbe rocket 
composition bored into, to within one inch and a half of the top of the cone, in the 
24-pounder rocket, and to within one inch in the 12, 6, and 3-pounder rockets. The 
distances from the surface of the shell to the top of the cone, and from the surface of 
the shell to the end of the fuze, and also the length of the fuze, being fixed and 
known, the place on the boring hit at which to screw the stopper, whether for various 
lengths of fuzes, or lengths of rocket composition to be left over the cone, is easily 
determined: these distances are marked on the brass scales for each nature of rocket, 
and the length of rocket composition available for boring into, and the lengths of 
fuze, axe also set off and subdivided into tenths of an inch. 

Gerueral observations onelevationst rangest and lengths of fuze, 
24-pounders. — If the whole length of the fuze he left in the shell of the 24-pounder 
rocket, it may be expected to burst at about 3300 yards, elevation 47 degrees. 

If tbe whole of the fuze composition be bored out, and the rocket composition left 
entire, the shell may he expected to burst at about 2000 yards, elevation 27 degrees. 

If the rocket composition be bored into, to within 1*5 inch of the top of the cone, 
the shell may he expected to hurst at about 700 yards, elevation 17 degrees. 




eonej 


the shell may he expected to burst at about 420 yards, elevation 10 degrees. 

S-pounders.— If the whole length of the fuze be left in the shell of the 3-po 
rocket, it may be expected to burst at about 1800 yards, elevation 25 degrees. 

If the whole of the fuze composition be bored out, and the rocket compositi 
left entire, the shell may be expected to burst at about 850 yards, elevati 
degrees. 

If the rocket composition be bored into, to within one inch of the top of the cone 
the shell may be expected to burst at about 420 yards, elevation 8 degrees. 

. ^ of the boring hits and scales. 

The composition for the fuzes for the 24 and 12 pounder rockets being of the 

““e is also the 

e with the 6 and 3 pounders. One brass scale also serves for the 24 and 12 
pounders, and one for the 6 and 3 pounders, but the graduations for the different 
natures of fuzes and compositions ai-e separately marked on each scale, which 

method r T ‘i^^Ption and 

1 Take, for instance, the side of the scale 

marked 24-pounder! the distance from the shoulder A at the end to the beginning of 

he real the from the surfaclof 

he shell to the extremity of the fuze; therefore, if the point of the horinff bit be 

gaeed agamst the shoulder, and the edge of the stopper upon that point, and wrewed 

fast upon the bit and then if the shell be bored into up to the stopper, the whl of 

g i rtS::!: '“f ^ the stopper (the eJ/of the btSng 

against the shoulder) be screwed on at any given mark on the scale, in that nart of it 
marked or the fuze, the boring into the fuze with the stopper so fixefwm tave a 
eng h of It equal to the distauce from the point D to the mark where the stopper is 
screwed on ; also, the distance from the shoulder to the beginning oT he tod bilk 
sp^e the point B in the drawing) is the length from the surface of the f t w 
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SANITARY PRECAUTIONS. 

PART I.* 

SECTION I.— OP FETER AS AN ARMY DISEASE. 

as it is comprehensive. It is, in a great degree 

animX The ^nc^T T^’ ®“ idiopatWc disease, affects the lower 

animals. The uncivilized man appears to possess, to a certain extent, an exemption 

subject tfiTtha^th^^V'**^® malarious fever, and the Indian races are far less 
subject to It than the European. With the last-mentioned, however, it is more 

we mv^b“”“® T’ Send troops where 

acAi Vf destroyed by fevers. Into barracks at home? the contagions of 
accumulation creep in amongst them. To Waleheren ? they are devastated^bv the^ 
autumnal malarious pestilence To sf«ai« ? ii,_ . ^ ^ 

TmlmaJif T . -1 0 bpam? the same IS perennial. To the West 

T “ yellow fever. In sL, wherever troops J 

but i! X ’ T r destroyer. Have we any safeguard ? NoL’ 

but in the good keeping, good condition, physical and moral, of the toons No 
^medy after the disease is established, none whatever in the w y of 

L on ata;l this^r 

simp n • nn* of ten, he preciselv the 

P-. m dlTi.ai! ?• 1 

bigoted to a system or beLve tbit tn ^ Pe™ieious, if they be 

tlmt of mitigSr.Ld mfr . ®"y control over the disease beyond 

practitioner — ^that is to saw -u • x n oegun, that even the worst 

cannot always kill his parieS W wm S £ 

circumstances, others will refuse the lancet even in the casTs of thflT 

and plethoric. On the one hand vmi wtii oo +i ^ sanguineous 

wine^ as if into a cask * on the o+Lp ih * <iisciple of Brown filling him with 

with th. I"*. - tad 

i» th« teiiS'rfS" S St'Iaf l>«Id •« be i«d«e 
discipline that his presence enforced and the pimfi , °^the health- 

eta^taided p ^eihe,. h. be 


* From the Works of the late W Perffii««rtn tit n r 

permission of Ms son. ^ Inspector- General of MiHtary Hospitals, by 


< £ . ’ ' '' i ^ ; 
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tion; and could the great father of physic arise to review the art lie had left behind 
him, he would find it had undergone as many mutations, counting by decades of 
years, as the flitting figures of a phantasmagoria, wdthout the treatment of fever 
medicine in any way being advanced or improved. This cannot he an unjust sen- 
tence ; for who that has lived long has not seen the lancet utterly discarded from 
practice, and again hailed as the sole instrument of safety; or been made to believe 
at one time that fever could be extinguished by deluges of cold water (the best prac- 
tice, hy-the-hy, if used at the beginning of the disease), or by gestation in the open 
air, or by the cinchona, or by James’s powder, or by anything else ? It is the gmtro- 
entente^ cry the disciples of Broussais, and there can be no cure bht the leech. It is 
cerebral inflammation, respond the followers of Clutterbuck, and the only remedy is 
venesection. Purgatives are the true treatment, proclaims the Edinburgh school- 
They are irritating and dangerous, replies that of London. In fact, all are equally 
right, and all are equally wrong, if they fail to note times and seasons, the nature of 
the epidemic, and the characteristic tendencies of the patient’s constitution, his 
powers to hear the operation of medicine, and his ability to resist the tendency to 
death. There can be no treatment of fever by physic hut in studying the 
and the Icedentia of the case, cultivating the first, eschewing the last, and never for- 
getting that there is a mighty power always operating in your favour, — the vis medU 
catrisc natur<B, 

The treatment I have found the most successful in various countries and climates 
(the necessary evacuations always being premised) is cold water, or, in other words, 
the regulation of temperature ; or, to humour the fashion of the day, saline draughts, 
which, being so many glasses of nothing, are the same as cold water,— -and on this 
medccine expeciante stand prepared to meet whatever contingent symptoms may 
arise. These last in themselves are no part of the disease (fever), and can only be 
considered as superadded and adventitious. Too many, deceived by post-mortem 
appearances, take them for the disease itself, and on these build theories the more 
fallacious from seeming to be supported by evidence, or even demonstration, instead 
of being the growth of circumstances that have arisen during the disease, or mistaken 
treatment. The essence of idiopathic fever has hitherto eluded our keenest research. 
It is not inflammation of itself, however the manifestation may appear to indicate it ; 
and its phenomena are mysterious and inscrutable, for, until it has fulfilled the pur- 
poses of its presence in the system, it is scarcely to be disturbed by human inter- 
ference. 

Fever, when once it has gained entry, is the most tenacious of all pre-occupants. 
It has laws of its own, and refuses to obey any rules but those of the vis medicatrix 
naturm or the stern mandate of death. Rhythm — the rule of number counting by 
days (vide Jackson) — as if it played upon the nervous chords : paroxysm— remission, 
and crisis — proclaim its sw'ay. It prevails from day to day, because it has obtained 
possession, and the saving power has for the time been placed in abeyance. Clear 
the way for her, remove all obstructions, she may yet come to your assistance ; only he 
ready to throw in your aid when the proper time mrives. Does the 
doubt this ? Let him turn to his books, and in the medical records of two thousand 
years, what does he find in the ever-varying evanescent theories of medicine, hut the 
same results, viz. ; the futility of interfering with medicines of specific power, and 
the deaths of a given number, almost always the same, when the air is pure and the 
patient has had anything like fair play ? His business is not with a disease which 
he cannot touch in turn with his prescriptions, but with the symptoms that are 
adventitious, secondary, and superadded. Let him obviate evil tendencies whenever 
he can, and he wdli thus often be enabled to blunt and turn aside the shaft of death. 




n ixitj om vulgar elements of our more unlearned 

tSryr t the physical worid „ de 

it h “’ ‘‘“d if we now define them to be calS 

bbt, -ventilation, and the operation of water, we shall have enumerated all tlL is 
necessary for the pmposes of disinfection. These constitnte our pr^ vL tb o I 
whos operation our existence is permitted here below; for 011101,1^0'^ ^ 

to e P™f the gregarious races of men, would fnfellfbly no on 

o eriirpate the human race ; hut there is a power unseen thai disarms th d trover 
and thus preserves ns, even without our knowledge. To take the first of til 
^ 

^ “ 'PP PPPPPfPwe sense, but in the way that it may be domeeticnJly 

s.., „om b. dlssipma „.i„ a i^S’lSrZ.”’ St 

disease will not readily cross tlio trnmV nf p i because that 

sut at the same boundary Boilinn water u'* P'®®"® Levant goes 

nation of whateverTZ he Se Jo T P“««- 

gnited charcoal, wiU infallibly disinfect any in^oraJwtZ^^T iflf ""“J 
iuch a process as this that the Bussian peasant, although rLutcTt 1 !, 

•ersonally, in Europe, never has typhus fever wLn ir? • ° ® ”“**®'*’ 

be stove of his calln to an extraSSr^ de Iv a ^ 

. vapour-bath of the hottest kind once a week or oftener^ «”jformly takes 

ourse of disinfection It is unf ihni- « n -u , under a 

b-bcaatayad b. b. b„. by rbitSt tt^atr i^.rt 
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sphere may be breathed without danger. With such a power that can be wielded at 
will, is it necessary to go further? for here we have the infection from fomites at 
command, and the secret of disinfection is at once disclosed. The infection from the 
living body, constantly giving out the fresh material, cannot, of course, while it con- 
tinues diseased, be so disposed of; but all that it has inhabited in any way is thus 
rendered harmless. We know that this efficacious safeguard has not always, nor 
even generally, been confided in; and it may be interesting to learn how true conta- 
gions, without its aid, came always to go out of themselves. 

Light is another sure (lisintcctant-— sure even in itself, without other aids, through 
which, in the course of time, all contagions will he disarmed ; but the time necessary 
for its operation is indefinite, and the practical resort consequently imwarrantable. 
Do we doubt its efficacy ? see it applied to the strongest poisons, such as prussic 
acid, in glass vessels hermetically sealed; the article will soon be made as little 
poisonous as salad oil. Or where, in a short time, would be the virtue of our 
strongest medicinal powders so exposed — the sting of our Cayenne pepper— the 
efficacy of digitalis ? Ventilation comprehends all that the atmosphere can bring to 
the process of disiiifection ; and water is only a more concentrated application of the 
same principle. With all these at command, what are we to say to the wisdom, not 
of our forefathers, hut of our contemporaries, who bestowed high Parliamentary 
reward on the discoverer (although, in fact, he was not the discoverer) of chlorine 
futnigation, as the preserver of our fleets and armies in every part of the world? It 
was at least a work of supererogation, and it might be mischievous, because it could 
not be performed unless to tbe exclusion of ventilation ; and when performed, I can 
vouch for its utter uselessness. There are few climates, few situations amongst 
congregated men, where I have not seen it emidoyed,— in the crowded hospital, in 
the foul transport, in the infected ship, in the ill-aired barrack,— and I never saw it 
of the smallest service. Typhus fever, hospital gangrene, and all the poisons of 
accumulation, held their course untouched, until ventilation was allowed free scope, 
and separation of the sick effected. But if we examine it chemically, is it not more 
than probable that we may have been in error ab incepto? Do we know what the 
matter of contagion is ? and can we tell whether it is in its essence an acid, an alkali, 
or anything else ? and may not the addition of the first, in a concentrated form, have 
been adding to, instead of dirainisbing, its powers to do evil.^ It certainly did the 
latter, wherever it was made to supersede the omnipotent disinfectants furnished by 
the great Creator in the elements that surround us. The poison of infection is gene- 
rated from man^s own body as frequently as from anything else; and, paradoxical as 
it may seem, the infection is made to serve as the monitor of his life and protector of 
his existence ; for he has been placed on this globe of earth with the evident inten- 
tion of perfecting his being here below, through the progress of mind and the 
advances of civilization. He has been constituted a gregarious animal, but to that 
gregariousness have been atlixed limits; and when these are contemned, the caveat is 
promptly made to appear under the form of contagious disease. All other animals 
are furnished by nature with clothing to their bodies ; man alone has been left to 
fmdius own, and to discover, through the operation of that reason with which he 
has been gifted, that if he neglect the decencies of supply and change, he will be 
visited in the first instance with the most loathsome of the plagues of Egypt, and, in 
the course of time, generate the worst contagions that can be inflicted upon himself 
or communicated to his fellow-men. Heaven sends diseases, it is true ; but the 
channels of their transmission are onr own abuse or neglect of the very means that 
have been given to enhance our well-being and prolong our lives; and the animal 
poison that has been generated through accumulation in the unchanged coverings of 
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the human body has often proved as fatal and deadly as the worst malaria of the 
fens. The magistrate on the bench has been infected by the criminal standing before 
him; and at the celebrated Black Assizes at Oxford, so called from their fatality, the 
no less celebrated Old Bailey Sessions in 1750, and others, neai-ly the whole court 
including the jury, were struck with jail fever, through the circumstance of an open 
window, behind the dock where the prisoners were placed, sending a current of air 
from them during the whole day on the assembled people ; and not the least wonderful 
part of this remarkable occurrence was the fact that the prisoners themselves had not 
at the time the actual disease they were thus communicating with such fatal effect. 
They were not then in fever, because their constitutions had been so withered and 
benumbed through the long application of the poison which they carried about them 
as to he incapable of throwing it off by the channel which nature had decreed, of 
acute disease. They resembled in this respect the inhabitant of the swamp, who, 
although never healthy, and destined certainly to an early grave, will often show 
nothing of marsh fever until he be removed to a healthy country, and then, if he has 
any powers of constitution left, it will most likely break out upon him ; and so will 
the miserable jail criminal, when restored to purer air and better clothing, in all pro- 
bahility throw out the fever which he had long imbibed, hut could not assume. 
Let us hope that such a calamity as the above is not likely to occur amongst 
us again; for now we know that the burning of a few handsful of charcoal, with 
the aid of clean linen, will certainly disinfect the most saturated lazar that ever 
came out of a pest-house; but until that ceremony, or an equivalent to it, 
such as a hot-bath, be performed, no one can answer for his being otherwise than 
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dog. Accumulation — quantity — is supererogation. Even the purity of the atmo- 
sphere at the moment of infection may add to its virulence, for then the poison is 
received pure and unmixed from its source. No one proceeding to inoculation would 
choose to dilute and ohtund the variolous fluid with other matter. Such would only 
lessen its force; and the same rule must hold good in all the cases that have just 
been stated. 

Variola is unquestionably a pure contagion that has either been introduced from 
other lands (China has been suspected), or arisen among ourselves from some casual 
combination of circumstances at one time that is not likely to occur again ; for it has 
been unknown in all newly discovered countries until carried there by direct commu- 
nications from lands that have previously been infected. The strictest quarantine 
in such a case is called for on every principle of health police, for small-pox could be 
banished from any country by due separation of the healthy from the infected. 
Inoculation, which then could have done so much, efiected but little towards this 
end; for the object was not the extinguishing a disease, hut the safety of an individual 
at the risk of communicating it to the public, with all its contagious properties, 
through a changed channel; and really the experiment so conducted well merited all 
the indignation that was at one time poured upon it. Vaccination has done much 
more, and is capable of effecting all; but in medicine the liberty of the subject, so 
highly prized by Britons, means in this case the liberty of inflicting cruel injury on 
the community; and while prejudice thus continues unbridled, we shall never be able 
to expel small-pox from the land. 

Quarantine, too, which is ever so active when it can only be useless or mischievous, 
has always been asleep here. It has never helped the disease out of any country, 
although in all probability it is the only one that can be said to be completely within 
its control. It revels in the futilities and imaginary dangers of plague and yellow 
fever, while it shuts its eyes to a far worse pestilence than either the one or the 
other. 

Scarlet fever is unquestionably both an atmospheric and a contagious disease ; for 
when epidemic, it will prevail everywhere, even in the most isolated and best pro- 
tected dwellings. Crowding and accumulation, with all the accompaniments of filth 
and misery, seem little to influence its speed. Unlike typhus fever, it is far from 
being the disease of the destitute rather than the affluent, and will invade the lordly 
mansion as readily as the hovel of the pauper. In the town where I have lived 
many years, and w'here the infection in a sporadic form never dies, I have seen it go 
out of itself in the foulest lanes of a depressed population, where no disinfecting 
precautions could be taken, and invade the healthy rural district, at a short distance, 
fully on its guard, with every seeming security of isolated habitation and domestic 
purity of living. In a thinly-peopled locality of Scotland, I have even known a large 
family severely scourged by its pestilence, without any traceable, or even supposable, 
exposure to infection, — the nearest cases of the disease being in a town lull twenty 
miles off, with which the family held no direct communication. Surely the atmo- 
sphere must have been at work here, the same as when in particular seasons it causes 
puerperal fever, eiysipelas, and influenzas to prevail. In fact, wherever the true 
contagions (such as scarlatina and measles) make their epidemic visitations, they 
pervade equally all classes of the community : I would almost say the better ranks in 
preference, for it is amongst them that the most striking instanees of fatality and 
contagion, notwithstanding their smaller comparative numbers, are often found. 
Locality, climate, season, temperature, would appear to have nothing to do with it. 
The visitations of the disease are independent of them all, and it generally disappears 
as unaccountably as it arose. The disease, when once established, is beyond all 
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doubt contagious, but its source is endemic or atmospherical ; and althougb, 
avoiding communication with the sick, we may lessen the means and chances 
propagation, we can never extinguish the disease while our atmosphere continues 
it is. 


SECTION III. — BYSENTERY. 

Dysentery is truly an army disease. In some services, the soldiery, when in the 
held, may escape fever, but never dysentery, if they lie upon the ground; for it 
depends on atmospherical vicissitudes, and the cold of the night and the chill of the 
morning after the heat of the preceding day will always cause it to spread. Heat 
however, is uniformly the remote cause. It must exist to a certain degree for a 
given time : without it there can he no dysentery ; and hence in all European coun- 
tries it is more or less a summer disease, never a winter one : in hot climates it is 
always present. To armies in the field it has always proved a cruel scourge. It does 
not at all times run the rapid course of an acute disease ; and when it assumes the 
chronic form so often incurable, the sufferer exhibits a spectacle of distress of as 
pitiable a kind as can be found in the history of human misery. In Great Britain 
where camps are rare, and hot seasons unfrefluftnt. thp. ^ 
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sliort, tlie acids, in every shape, but more especially in that of ripe fruits, will be 
found excellent remedies by all who can overcome their prejudices so far as to give 
them a fair trial. 

In some of the northern provinces of Sweden, where I happened to sojourn during 
one of the hottest summers ever experienced, the dry ground was literally covered 
w’ith wild strawberries, and the marshes afterwards filled with the whortle and cran- 
berries; yet I never heard of dysentery, though, so great was the short-lived heat, 
that the thermometer was ascertained to have risen as high as 90® Fahrenheit in the 
shade on two successive days ; and so immoderate the desire of the inhabitants for 
acid fruits, to counteract the effect of tbeir scorbutic whiter diet, wlien no vegetables 
could be found, that they sought for and devoured with avidity even the berries of 
the mountain ash, as well as every other production of that kind. 

like fever, it has been termed an enderaical disease, but, properly speaking, it is 
as little so as possible; and the marshy alluvial lands of hot countries, so prolific of 
malarious fevers, are no further productive of dysentery than as they may furnish in a 
greater degree the chilling night vapours which are its immediate exciting cause. 
The cold, ho\vever, is the agent here, and not the miasma; for the same night chill 
will just as surely induce it on the deck of a ship navigating the tropical seas, or on 
the driest sands of Egypt, as in the most swampy quarters of the West Indies. 

I am far from attempting to deny that the abuse of even the wholesome fruits will 
occasion diarrhoea, and that bowels weakened by previous disease may not become 
more liable than they would otherwise be to fall under the influence of any epidemic 
that is peculiar to them: but diarrhoea is not dysentery; so far from it, that when, in 
treating dysentery, we can induce diarrhoea (that is, bilious and feculent evacuations, 
through the effect of our purgative or mercurial remedies), we have, in fact, cured 
the disease, or at least gained a most important step towards its cure. 

I believe, therefore, that the free hut not immoderate use of fruits, by assisting to 
keep the bowels soluble, is at all times a preservative against dysentery; and that, 
when the disease is present, the same use is not only harmless, but, as in the case of 
the dysentery in Trinidad, may furnish a most important remedy towards the cure. 
For if we examine the dismal records of this scourge to our fleets and armies, we 
shall find that its worst ravages have been seen amongst the famished garrisons of 
besieged towns, or in ships remote from land, while navigating the tropical seas, or in 
barren encampments, where fruits could not be found. But so strong is the bias for 
tracing our diseases to any supposed source that may be obvious and familiar, instead 
of seeking for the more remote and occult hut true cause, that every attack of illness 
is attributed to some adjunct or concomitant circumstance of little importance ; more 
especially to errors in diet, and catching cold. Thus the starving troops, in such 
places where they could neither procure fruits nor wine to lay the blame upon, have 
always detected some noxious quality (for it must be from something they have 
swallowed) in the water of their wells, which gave them fevers or dysenteries, as the 
case might be ; but if the very worst water, in every sense of the word, could bring 
on these diseases, our marine population, instead of being the healthiest body in the 
wmi-hl, ought to be annually annihilated by them, for they drink none but putrid 
water, and insist that the very best of that kind is the water of the Thames taken at 
London Bridge. What, besides, would become of the inhabitants of London itself, 
who live in the healthiest capital, and drink the dirtiest water In the world, and that, 
too, with apparent impunity ? No one can doubt that water, impregnated with dele- 
terious ingredients, must engender chronic glandular endemic diseases, or that 
diarrhoea, worms, and other derangements of the intestinal canal, must ensue from 
alluvial contaminations of this necessary of life, — but dysenteries or fevers never. 
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Famine, and not fruit, was the predisposing cause of the dreadful dysentery that 
several years ago devastated the Irish poor in Dublin ; for, in their starving state, 
fruit, even if it abounded, was a luxury they could not procure. 

For the peculiar inflammation which dysentery sets up in the mucous linings of the 
intestines there has been no remedy yet discovered at all comparable to mercury 
(calomel). Many medicines, such as ipecacuan, neutral salts, rhubarb, &c., will 
mitigate or cure the symptoms, but none so eflectually, speedily, and certainly as the 
operation of mercury. The specific inflammations, such as the iritic, the hepatic, 
the pneumonic, the syphilitic, &c., fall before its peculiar superseding stimulus. The 
habitual use of the medicine is not fitted to all constitutions, and has often been 
abused; hut the discovery of its power to supersede inflammation should be con- 
sidered as one of the happiest in our uncertain art, and treasured as one of the best 
truths our profession has derived from military medicine. It cannot be denied that 
dysentery often runs itself out, and that the ignorant are the greatest curers of the 
disease : in their own estimation, they always rank with the infallible. When the 
patient lives, they attribute all to their treatment ; and when he dies, self-partiality 
(the amour propre) is ever ready to conjure up an infinity of fiction : why, it could 
not be otherwise. 


nosology, it was long denominated and dreaded as the ophthalmic pestilence— a 
fearful conta^on: now we know that there is nothing contagious or pestilential 
belonging to it, and that, as a contagion, it never had any existence. This requires 
some explanation. The terms of enlistment in our army for unlimited service ; the 
then cruel punishment of all-prevailing flogging; the unvarying monotony of drills 
and parades ; the unnecessary restriction of furloughs, and the tadium vita, engen- 
dered in barrack life, where amusement was never cultivated, and pleasurable recre- 
ation, except in the barrack canteen, all hut interdicted, had long rendered our Service 
most odious to the British population. The soldier, in fact, was often weary of his 
life, and drunkenness and crime became his chief, his only resources. The recruit 
often tried to Mcape from these miseries by inflicting upon himself spurious ulcers of 
the legs ; but it was a trick most commonly of the recruit alone. The older soldiers 
knew better, and the troops generally became aware of and laughed at it. 

It was under these circumstances that the army proceeded upon the far-famed 
expedition to Egypt in the year 1800, where ophthalmia, whether proceeding from a 
fine impalpable sand ever floating in the atmosphere, or other causes, it matters not, 
was found to be an endemic disease of the country ; and this, it would appear, led to 
new speculation amongst the bondsmen of military service, which was soon fostered 
into full activity by the high bounties then offered to induce men to enter the Service, 
and by the system of retirement pensions afterwards promulgated. 

Incurable bUndness amongst the natives was everywhere to be seen in Egypt, yet 
few ofonr troops, though many had suffered ophthalmia, returned from that land 
so htoded. It was not till several years after th^ had left it, that the Egyptian 
ophtlrflnna, ^ it vm caUed, suddenly broke out, spreading terror and consternation 

Lt i fSr ,. f ; be relieved very soon after, complaining that their eyes 

next day go on to the utter destruction 

frarfol ? i epidemically. The invasion was of so 

fearfbl a nature, and its effects so formidable, that 
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carried away hj the terrible nature of the calamity, and it did not at first occur to 
any of us to inquire why this plague from Egypt had remained so long in abeyance, 
where it generally blinded the natives, only as a chronic disease of slow progress, and 
with their very defective means of cure, without ever having been suspected to 
possess any infectious or contagious quality, — or why it was restricted to marching 
regiments alone— why it did not affect the English militia regiments inhabiting the 
same barracks, or the population of the neighbouring country— why, if so fearfully 
contagious, it did not attack the officers as well as the men— and why, above |ll, the 
medical staff of the infected regiments, continually engaged in the most intense 
examination of the eyes of their infected patients, should generally escape the disease, 
for, according to all the laws of contagion, there ought scarcely to have been an 
effective eye left amongst them. 

When time had been given for men to reflect, these considerations at length had 
their due weight, and discoveries were soon made that the whole was a deep-laid 
conspiracy amongst the men for the purpose of procuring pensions, or at least dis- 
charges preparatory to enlisting again for fresh bounty, and to be saved from the 
dangers and severities of foreign service. It was the respectable calculating soldier 
or non-commissioned officer that speculated upon a pension ; it was the reckless im- 
postor who, whenever he durst, made desertion a trade, that looked forward to fresh 
bribes in the way of bounty-money. For these purposes, they had been taught to 
carry the sublimate of mercury in the inner cuffs or skirt ornaments of their coats, 
for the purpose of inducing purulent ophthalmia, or, where that article could not be 
had, to keep applying other noxious ingredients, such as the mortar of the walls 
where they lay, mixed with urine, and many others. The conspiracy was so well 
laid, that the men possessed recipes for inducing temporary blindness, and others for 
being cured, as they believed, after they had obtained their discharges. Some of the 
most respectable non-commissioned officers were implicated in it. Children were 
occasionally blinded as proofs of the contagious influence, and women either offered 
themselves, or were made accomplices or victims of the deception. Some regiments 
had decreed amongst themselves that they would always be contagious, and never go 
upon foreign service, and relays of the diseased were always to be kept up in proof. 
Such was the conspiracy. I was, I believe, one of the first, after having been long 
completely deluded, to denounce it in a letter, dated 1810, to Sir D. Uundas, the 
then Commander-in-chief; and in the Peninsula and the West Indies, or wherever 
the ophthalmia appeared, I held myself ready, and, from my station, took ejSfectual 
steps to unmask the imposture. 

In the Peninsula, however, it never prevailed to any extent. In the first cam* 
paign, some regiments fresh from Ireland tried it, but they speedily found it would 
not do. The early victories of Rolica and Vimiera had elevated the minds of the 
soldiers, and whatever possessed even the semblance of shyness to meet the enemy 
was held amongst themselves to he infamous. This was an effectual safeguard ; for 
whenever public opinion can be brought to bear upon crime, it will infallibly dis- 
appear, or at least vanish into the lowest haunts of infamy and degradation; and 
among'ri British soldiers nothing so utterly degrades a man as deficiency of manliness 
and courage when near the enemy. 

Let us now examine whether there be such a disease as contagious ophthalmia 
proceeding from one eye to that of another person, through the medium and contact 
of the atmosphere j that of an inoculable ophthalmia, from the actual imposition of 
the matter of the disease, is not now the question. Every one, I suppose, has wit- 
nessed an epidemical ophthalmia, proceeding from atmospherical blights and vicissi- 
tudes of temperature, under high piercing winds, to which troops or the labouring 
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population may be exposed.* All, too, must have seen the dreadful purulent ophthal 
mia, going on to disorganize the eyes of new-born infants, or even grown peonle" 
under particular circumstances and seasons ; but in both the one and the other it is 
uniformly a sporadic disease; and even he who finds contagion in everv thing must 
be puzzled to find it in the one above mentioned. There is one truly iiioculable 
ophthalmia, the gonorrhoeal. The ophthalmia of the soldier’s children at the Roval 
Military Asylum, so well described by the late Sir P. M'Gregor, was probablv 
a gonoiTh^ ophthalmia. That the ophthalmia of the men was not the gonoirhmal 
I soon had fuU proof, from the following circumstance, which in itself first served to 
open my own eyes to the true character of the disease, and inspired doubts in regard 
to Its contapon. A bUnded soldier at one of our hospital stations in the Kent°dis^ 

tL Ms baby on his knee, and I saw 

alwo 1 °“i "pon the infant’s face, which had 

aluays been and continned to be in perfect health. His wife, too, who had all the 

by tL o^MSia! P“^-«.v-M-hed 

However the disease may have been generated, or whether contagions or not a 
scovery was ultimately made in the treatment, which at all future times must ever 
be precious in ophthalmic surgery. On the first alai-m of the new ophthalmic pesti 

mo!r,!.f'''‘7 appliances of antiphlogistic medicine, under their 

ive orms ; and, m as far as our knowledge then went, they appeared to be 

Zt iredT”’"’ sometimes irretrievably lost, and the coats of the eye 

The practice of venesection, the first and most obvious resoui-ce, although cai-ried to 
a len^h far exceeding an^hing ever attempted before, was far from being successful 
and the number of incurably blind proclaimed its inefficacy. The stimulaLg 
described by Dr. O’Halloran, in liis work upon Puimlent Ophthalmia, was ri’to 

Zr. Th * 'vas successful in at least a fourfold 

g ee. The expenment is most valuable, in proving that whether in constitutional 
or «,rgical ffiseasey new principle of cure has been disclosed which may hereafter 
ead to most important results in the treatment. The details of the ophthalmic con 
spiracy }iave never yet been published to the world. 
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SECTION V.— YELLOW FEVER.f 

A body of European troops arrives in a West India colony, and soon after the 
yel ow ffiver breaks out amongst them. The seasoned CreolL white LStantI 
little or nothing of it, and the coloured classes without exception the Lost 
numerous by at least ten to one of the inhabitants, with whom 

ha?e thl fLfc yT" 


dunng some high easterly winds, were very generalW^rtef ^ ‘irT’ 

rheumatic ophthalmia. ^ ^ ^ affected with what I believe is now called 

t From ffie ‘ Edinburgh Medicsl and Surgical Journal,’ No. 160. 
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fever of malignant type, peculiar in a great degree to newly arrived Europeans, 
tlie product of high temperature and unwholesome locality alonc^ which, when they 
come in the crowds of a military expedition, will devastate with all the fury of 
pestilence winged on the false terrors of contagion, to which the iinitative tendencies 
! and involuntary sympathies of our frames have, in every epidemic, when once begun, 

added tenfold force I But let us here examine somewhat more closely. 

One would naturally suppose that, wherever a true infection existed, the hospital 
where all the sick are congregated would not he the place of safety ; yet there, 
notwithstanding, is it most likely to be found. Apply this touchstone, it wiU be 
seen that the medical officers never suffer more from the disease than their fair 
proportion, according to numbers; and the more immediate white attendants, 
orderlies and others, uniformly less, if the ventilation and discipline he good, than 
the soldiers in barracks who never go near the place ; because, while so employed^ 
they are saved from exposure to the sun’s heat, to night-guards, and drunkenness. 
This I proved from incontestable hospital returns when I vras last in the West Indies, 
as also that the supposed contagion was never communicated to the surgical sick, the 
convalescent, and others, although occupying the most contiguous beds in the same 
hospital. 

Take another proof. A sugar -ship loading at anchor, or a transport, will, as 
hundreds and thousands have done, lose part of her crew by yellow fever. At 
last she sails full of the/omzYe#, or even of the persons of the diseased. Now here is 
the assumed contagion fairly impounded without escape, and one would suppose the 
disease would then do its worst; yet it does not. It uniformly stops,— the sick 
recover every day the ship sails to the northward; she cannot, in a clear uninter- 
rupted passage, carry the pestilence beyond the tropic, and, unless her destination 
he Gibraltar, Cadiz, or some other port already under the influence of the disease at 
the close of the advanced summer season, where the heat has long been equatorial, 
and the atmosphere (a European one) in all probability stagnant, and as well adapted 
to reproduce it as any part of the West Indies, she will arrive as free from contagion 
as the first day she left the stocks. But this will not satisfy the quarantine -master. 
He has been placed there to find contagion, and, as has happened more than once 
at Gibraltar, will be sorely puzzled to account for the aggravated remittent fevers 
approaching to, or altogether the yellow occurring before his eyes, when this fortunate 
change from the West Indies will at once enable him to cry ^ pestilence, excommuni- 
cate importation, fumigation,’ and all the mummery practised by that class of officials. 

In the crowded transports at the beginning of last war, typhus fevers were frequent 
amongst newly embarked troops, and they, of course, according to the doctrine of 
the day, carried the contagion to the West Indies, wffiich afterwards became yellow 
fever under that exalted temperature. Here at last was importation proved, and 
typhus flavuSf typhus icier odes or ieteroideuSf became the true orthodox creed. But 
alas for the faith ! typhus fever will not stand carrying to warmer latitudes. If the ship 
be even ordinarily clean, it will vanish long before you can have entered the tropics ; 
and you may as well attempt to transplant a willow tree or hazel into a West India 
colony, as a fever of that class. I do not utterly deny, although I never saw it, the 
possibility of landing typhus fever there out of a foul, crowded ship, but it will not 
stay; it will disappear infallibly as soon as ventilation, even in the most ordinary 
degree, is restored. It is not to be denied that crowded convict and emigrant ships 
have carried typhus fever through the tropics to the Cape of Good Hope and 
Australia, but no importation, however foul, could establish it in these countiies, or 
cause it to spread ; nor is it, I believe, known in them even now. Seeing, then, that: 
iicither will oiir typhus admit of being carried to the West Indies, nor will their 
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yeuow oemon be mdueed to visit our shores— that each will 
and field of operation— we come again to the question, what is it ? 
a name, and the French have defined it in one 
us if we had stuck to this true definition, for 
controversy, panic, and delusion. It is in f 

World, for w'e have no such bursts of yellow few 

shores of the Southern Pacific, as those which periodically 
colonies ; but it is not unknown in the former, for one tf 
the ma/adze de Siam, although it never can be called the 
that affiicts the Western, World. 

It came from Boulam, say the contagionists, and is a 3 
intercourse, a concomitant of the old slave-trade; but the 
never had, and cannot take, the disease; and long, I believ 
existed, or if it existed at all, must have been in embryo. 
first subjugated Jamaica to the British Crown, the invaders (s 
force, ty-the-by,) were so handled by the tropical pestilence, that it was believed thev 
had become the objects of Heaven’s peculiar vengeance. Its unexpected bursts 
invading them when there is nothing that we can discover in the seasons to account 
or such a visitation, are strange and mysterious, but not more so than amoni? our 
selves, when diseases, previously mild, suddenly change their character, and assume 
the most malignant aspect. We may often witness, even under our best temperatures 
unexpected attacks of malignant erysipelas, puerperal fever, scarlatina, measles, &c.’ 
w lie at other tunes, apparently of more unfavourable aspect, these cannot be called' 
into existence at all; or if they do come, are unattended with any malignant charac- 

hrt f ken, -we can only see, and tremble, and wonder; 

but fever (idiopathic fever) is itself a mystery. Here at home, in the cold humid 
atmosphere of the Bntish isles, man generates and exhales firom his own body the 
poison of typhus fever, which may afterwards become an infection of accumulation 
Mpable of bemg spread to quarters far distant from the original source. Of this we 
We a proof in the fev« brought home from Spain by our troops after the disastrous 
retreat to Corunna, and another, not far off, in that of the French on their return 
from Moscow. In these our latitudes, « cold and fatigue, and sorrow and hunger ” 
under circumstances of accumulation, will generate it everywhere ; but every reLn 
every climate, will exhibit its own form of fever. With us it is typhus^ in the 
warmer couiitnes of Europe, remittent; in the Upper Mediterranean, plague; in the 
Antilles and W^tem Africa, yeUow fever: but to generalise and confound them 
together would be generahzatioa run mad,-for it would be difficult to conceive dis 
eases belonging to the same family more directly oimosed in .1, .. 
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If ever there was a disease which the humoral patholo^st might claim for his own, 
it is yellow fever. The crasis of the blood is as much broken down before death, 
and its vitality destroyed, as it could he by introduction of the poison of the serpent's 
tooth; we may truly say it is killed by the poison, and, in the language of John 
Himter, that “ fatal yellow fever is the death of the blood;" it wells up in floods from 
the mucous surface of the stomach, in the form of black vomit ; it escapes from the 
gums, the nostrils, the eyes, the ears, even the skin Itself, in any or every part, and 
after death it will he seen to have lost all the character and composition of Wood, 
being found in its vessels like the lees of port wine or the grounds of coffee. But, 
as i know well from dire experience, the affection from the first must be essentially 
gastric- The vomitings at the beginning are always in themselves clear and clean ; 
presently they become somewhat ropy ; then brown, dark, and darker, till at last the 
attenuated blood, escaping from its vessels, and mixing with the gastric fluids, comes 
up under the form of black vomit. Meanwhile the functions of the brain will he 
restored and retained. Self-possession and courage ordinarily characterize the 
disease. 1 have seldom known any who could not give clear directions in regard to 
the disposal of their affairs, or fail to conduct themselves with the firmest resignation, 
ft is not always, nor often, a painful disease in its termination, and the vomitings are 
never, I may say, attended with pain. A gallant Officer said to me, “ You see I am 
posting fast to the other world, and you cannot prevent it, but I am as easy as if I 
was in a post-chaise." Sir James Leith, who died Governor-General of the Wind- 
ward and Leeward Colonies, whose chivalrous heroic character graced and adorned 
the military profession, when he contemplated that harbinger of death, the black 
vomit, pouring from his stomach, on the evening preceding his death, rose from his 
couch in full possession of all his acumen, to execute some legal deeds of importance, 
declaring, at the same time, in reply to my dissuasions, he could with equal facility 
liave drawn out a plan for military operation. This mng-froidj so characteristic of 
the disease, has often excited won der- 

The question of its identity with remittent fever in its higher grades is more 
difficult, and requires the closest examination. The presumed difference is the 
stronghold of the contagionist, and were we to admit, which I do not, that malaria 
and marsh miasmata were the same element, it would be difficult to beat Mm out of 
it. Most certainly, yellow fever has often prevailed on the finest soils, and in 
situations where the agency of marshes could not possibly exist. It will be more 
likely to extend its ravages where it has their co-operation, but it assuredly can 
exist without it. The singularity is, that with or without this agency the course and 
the event will be precisely the same in all severe cases, as if it< had been the sole 
agent. The marsh is doubtless the most common field of operation, but it is not the 
only one, and we must own that there may be other terrestrial emanations of deadly 
character besides those of the swamp. This is very perplexing, for remittent fever is 
a regular disease of season in all hot countries. It seldom displays the fury of 
an epidemic, and its invasions, progress, and departure, can be calculated upon with 
something like certainty. The yellow fever attacks in furious currents, often quite 
unexpectedly, and rarely, even in the West Indies, invades in successive years. 
Remittent fever is an annual of the eastern tropic, the same as the west. Yellow 
fever, though not unknown there, is never, I believe, epidemic. Remittent fever 
often runs the patient into the grave, but seldom with black vomit ; the true yellow 
fever always. In the first, an emetic, although it may not be a recommendable 
prescription, may be administered at almost any period of the disease with safety; in 
the second it is ever fatal and deadly. 

A’ieie the last no more than a disease of bodily condition in the unseasoned 
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Buropean, why is it so often away, as it frequently is for years, when the worst 
remittent fevers prevail; or if an atfair of seasoning alone, why, should it attack 
a seasoned garrison, say of Gibraltar, in one year out of eight or ten, and eschew the 
visitation in all the others of equal or it may he of higher temperature ? These are 
puzzling considerations, quite enough to make any candid man pause before he 
permits himself to pronounce upon the identity of two diseases so apparently 
different in their manifestations, progress, and history. They will often appear 
together, and run side by side, causing much confusion to the inquirer ; but are they 
the same? Whether they be or not, one point has been clearly ascertained, that 
there is no contagion whatever appertaining either to the one or the other. Even 
the matter of black vomit itself cannot be made to serve the purpose of an inoculator. 
It has been received hundreds of times upon the hands, the clothes, and persons of 
the attendants, with impunity. The dissector has often subjected it to chemical 
examination, and others have sought a more intimate acquaintance with the same 
results. And after all the foregoing, is this more unaccountable than what every 
experienced man has witnessed here at home in our own scarlatina, where in one of 
its epidemic visitations the patient will suffer no inconvenience but from the nimia 
diligentia medicorum^ and in another he struck with death as hopelessly and irre- 
mediably as if he had been bitten by the rattlesnake ? 

There are pure soils in the West Indies, as pure as any on the earth's surface; but 
I will venture to say, send a European army to the best of these, and if it be near 
the level of the sea, they will be extirpated just as surely as if they had been located 
in Demerara, or any of the deepest swamps in the world. This is a sad exposure; 
hut turn to our annals, it will there be seen that every expedition sent from any part 
of Europe (even including French and Spanish) to the Havannah, Carthagena, St. 
Domingo, or the windward Antilles, had but one termination, and that, too, for the 
most part withm the year,— the burial of the troops from yellow fever. Of this 
I shall here offer some illustrations. The grand armament from Cork reached 
St. Domingo early in the year 1796. The intention being to conquer and retain the 
country, it comprehended a noble host of many thousand men, including light 
cavalry, and every other arm of war. The regiments, on landing, were in general 
healthy, at least the 67th regiment, of which I was surgeon, was in perfect health. 
Soon after disembarking, yellow fever broke out amongst the troops, at every station 
and in every place. The mortality was about the same everywhere, or if possible it 
was worse at Cape St. Nicholas Mole than at any of the other stations. This was 
strange, for if ever there existed a dry rocky hut jungly district in the world, it 
was there. Having in the after-part of our service in St. Domingo been stationed 
there for twenty months continuously, and made it my daily practice to traverse 
every part of the locality, I can speak to that point without hesitation, the only 
difference being that as soon as the seasoning fever had passed away, the district 
became healthy, and continued so, while in all the declared malarious quarters there 
was no cessation of the sickness. I speak here of the officers in every rank. These 
at first had suffered even in greater proportion than the men, but afterwards they 
became as healthy a community as ever I lived amongst in any part of the world. It 
was different with the common soldiers, whose drunkenness in those days was 
unrestrained and terrible, and in that climate they suffered the usual consequences. 
On inquinttg amongst the French faculty and the old inhabitants of the place, we 
learned that during the American war, when a large body of French troops had 
arrived there from Europe to aid in the invasion of Jamaica, they had been destroyed 

^ A ^ ourselves ; and to shew how fast that 

had been m our case, I shall here give a melancholy proof. During the earHer part 
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of our residence, while all were deeply interested to stop the mortality, a census was 
taken of the inhabitants of the town (exclusive of the negro slaves) and the white 
soldiers, when they were found to be as nearly as possible of equal numbers, but by 
the time we had buried the original complement of 1500 men, they (the inhabitants) 
had not lost more than one in thirty of all ages. 

Tiie island of Barbadoes affords another instance. It is impossible to imagine 
a country of purer soil and better ventilation. It has long been thoroughly cleared, 
and there being no mountain ridges of sufficient elevation to obstruct the breeze, and 
create a night land wind, that from the sea blows night and day, making a fair 
breach over the land; hut as it is the ordinary landing-place of fresh troops from 
Europe, there was no place dming the war where there existed greater mortality and 
suffering from yellow fever. In fact, la ffuvre Europeenne prevailed there, and will 
prevail in every part of the West Indies for as long as its population is furnished from 
the colder regions of Europe. Still, however, does it proceed from a terrestrial 
poison ? The sea exhibits none of it. While we were thus perishing of yellow fever 
at Cape Nicholas Mole, the cruizing squadron, comprehending eight sail of the line, 
with many smaller ships, was healthy; none suffered yellow fever hut those that 
were obliged to lie as guard-ships at the unwholesome anehorages of Port au Prince, 
or Port Royal, Jamaica, and such like; and when in the great naval campaign 
between Rodney and Be Grasse, at the close of the American war, the decisive 
action of the 12th of April took place, the contending fleets were healthy, and 
yellow fever did not exist amongst them. Fleets have often remained healthy for 
years (at least free from yellow fever, unless when they got it at the unwholesome 
anchorages of Port Royal, Jamaica, English Harbour, Antigua, or Port of Spain, 
Trinidad,) in the West Indies,— armies never. 

No experienced men, iinblinded by the prejudices of the schools and authorities, 
or biassed by the expectation of quarantine office, can seriously believe it to be a con- 
tagion. It is a terrestrial poison which high atmospheric heat generates amongst the 
newly arrived, and without that heat it cannot exist ; but it affects no one from 
proximity to the diseased, and cannot be conveyed to any low temperature. This 
was finely exemplified at Port au Prince, St. Bomingo, where I spent the earlier 
months of the year 1796. Our head -quarters were the town and its adjunct, 
Brizzoton, as pestiferous as any in the world, and there we had constant yellow fever i 
ill all its fury. At the distance of a mile or two, on the ascent up the country, stood 
our first post of Torgean, where the yellow fever appeared to break off into a milder 
type of remittent. Higher up was the post of Grenier, where concentrated remittent 
was rare, and milder intermittent, with dysentery, the prevalent form of disease , and 
higlier still was Fourmier, where remittent was unknown, intermittent uncommon, 
but phagedenic ulcers so frequent as to constitute a most formidable type of disease ; 
and higher still were the mountains above Ij'Arkaliaye, of greater elevation than any 
of them, far off, hut within sight, low down in what was called the bight of Eeogane, 
where a British detachment had always enjoyed absolute European health, only it 
might be called better, because the climate was more equable than in the higher 
latitudes. Here were the separate regions or zones of intertropical health mapped 
out to our view as distinctly as if it had been done by the draughtsman. Taking Port 
ail Prince for the point of departure, the first three could be traversed in the course 
of a morning’s ride. We could pass from the one to the other, and, with a thermo- 
meter, might have aceurately noted the locale of disease, according to the descending 
scale, without asking a question amongst the troops who held the posts : and what 
kind of contagion must that be, which, amongst men in necessary, intercommu- 
iiicution, cannot he conveyed from the one to the other, which refuses to mingle 
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with pother of lower temperature, although within sight, and so near, topogra- 
pMly speatang, as almost to touch ? The men could, and did, constantly exchange 
duties, but not diseases ; and it was just as impossible, and more so, to carry a yellow 
fever up the hill to the post in sight, as it would have been to escape, had thel been 

toown Vo”" " “ of P“'-‘ Prince. These things were 

known to every person in the army, whether medical, civflian, or mihta^ and 

amount them aU there was not to, be, found a single person who had the smaHest 
belief in contagion, provided always he had been a year in the country, and possessed 
oppor unity of seeing with his own eyes,-all, I may say, came on" contL" 

fajrrf tT”^ so- n "'as impossible that w-e could, in 

face of the every-day experience of our lives. 

Contagious fever, with the exception of the exanthemata, cannot exist in the torrid 

tinned””'^ anywhere else in a temperature amounting to 80° Fahrenheit long con- 
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It cannot be a contagion, because tlie degree of beat that is found to dissipate the 
best-marked contagious fevers is the Ufe-blood of this. It cannot exist but at the 
disinfeeting point, and when the plague is dissipated by the heat and rarity of the 
atmosphere, this begins. So it is with typhus fever. This last goes out when 
you enter the tropic; the yellow fever commences. The first -mentioned is a 
communicable infection in the cobler latitudes; the latter, the pure epidemic of 
a hot climate that cannot be transported or communicated upon any other ground. 

Drought under an equatorial temperature, and in the favouring localitiesi would 
seem to be the sine qud non of the appearance of the yellow fever in Europe. In 
the terrible epidemic of Cadiz, in the year 1800, no rain had fallen there for seventy 
days, {vide 'Annual Register/) and vegetable putrefaction had become just as im- 
possible as the putrefaction of an Egyptian mummy or the dried stock-fish of 
Holland. When the same drought pervaded Gibraltar and Barcelona, there needed 
not the arrival of smugglers to bring the pestilence, and the officious energy of the 
quarantine staff, when, by excoinmnnication, fumigation, and such like, they affected 
to stay what the general laws of climate and season were in operation to accomplish, 
might be likened to that of the fiy upon the wheel. For so long as the climate 
remained the same, they could not touch or turn the disease; and when its heat 
was diminished by the change of season, they could neither expedite nor retard its 
departure. The becalmed bases of hills have ever been the favoured site of yellow 
fever, and, as at Gibraltar, that of Ascension Hill has repeatedly felt its scourges 
since the time of its famed importation there by the ‘ Bann’ frigate from Sierra 
Leone; ami should that settlement ever grow into a crowded town, we may fairly 
conclude that its visitations there wiU be far more frequent than they have ever 
been at Gibraltar or Cadiz, Even here at home, in certain peculiar seasons of heat 
and drought, yellow fever may not have been entirely unknown. The year 1807 was 
one of these, when two soldiers of a militia regiment in the garrison of Sheerness, in 
Kent, died of a fever under my own inspection, whose cases might have passed muster 
for the endemic of St. Domingo. Our climate luckily did not admit of its spread, 
for an opportune thunderstorm, with its accompanying deluge, and great reduction 
of temperature, washed out the beginning fever, and nipped the epidemic in its bud.’*® 

SECTION VI.— CONTAGION OF TyPHUS FEVER ANU CONTAGION GlNEaAI.T.T.t 

The true essential contagions, which, under a gaseous or aerial form, act of them- 
selves independent of, and unaided by, the circumstances of climate, atmosphere, 
locality, quantity, and acenmuiation,— do not amount to more than five or six, and 

♦ Whenever I make use of the words contagion and infection — contagious and infectious, I offer 
them as altogether synonymous terms. I do not pretend to say that the signification of the Latin 
verbs contingo and inficU) is in all respects the same, but so much confusion has resulted from the 
different meanings insisted upon for each, that I think it is far better thus to resolve them all into 
one, In one of those terrible bursts of yellow fever at Gibraltar, about the beginning of the present 
century, the Governor directed the nxedical staff to be assembled for the purpose of resolving on the 
best means of staying the iieatilence. Having waited several days for the report, he became im- 
patient, and was informed that, as soon as the conclave had met, they fell into hot dispute as to 
whether the disease was contagious or infectious, and the point was not then decided. X think the 
conference ended in a resolution to fire and keep firing ail the guns of the fortress for a whole day, 
which was accordingly done, to the great astonishment of the adjacent countries and seas. The 
above is taken from an excellent, but, I fear, unpublished report of Colonel Wright, of the Ordnance 
Department, who was then at Gibraltar. It may be proper, moreover, to add, that whenever the 
terms pestilence and pestilential occur, they are not to be taken as implying contagion unless it be so 
stated. 

t From the ‘ Edinburgh Medical and Surgical Journal,* No. U2» 
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may all be comprehended under that class of which it is the distinguishing charac- 
teristic to occur only once, generally speaking, during the lifetime of an individual ; 
with the exception always of those infections that can only ho communicated by 
inoculation, or the actual contact of matter. I am far, however, from pretending to 
say that contagion is limited to so confined a range ; for the whole class of pyrexits^ 
under every shape and form in which they can be presented to us, including even 
those of erysipelas and ophthalmia, can be made infectious diseases * through an 
undue accumulation of human exhalations, and defective medical police, constituting 
at these times, and under these circumstances, an undoubted well-marked atmo- 
spherical contagion of locality, — but of locality alone. 

Prom the first of this enumeration I have no hesitation to strike out typhus fever, 
and class it amongst the latter ; but here, in order to bring conviction to my readers, 
I feel that it will he necessary to expatiate and explain at some length. 

T 5 T)hus fever, a disease purely endemial, may be called the endemic of the British 
isles, and the same parallels of latitude on the continent of Europe, f If wc could 
suppose it during any summer season to have become utterly extinct, it would cer- 
tainly spring up again in the wet and cold weather of the first winter months, before 
the frost had fairly set in, and keep its hold amongst the inhabitants, untU warm, 
and, above all, dry weather had again caused it to abate. So great is the tendency 
of this our soil and climate to produce it spontaneously, that any depressing cause, 
subversive of bodily vigour, will, in a remarkable manner, predispose the body for 
falling under its influence. Thus, the humid, ill-ventilated, and imperfectly heated 
dwellings of the poor are in such seasons its constant abode ; and if to these we add 
the adjuncts of cold and fatigue, and sorrow and hunger, the sad concomitants of 
poverty , we need not wonder when we see it devastate the hovel and the cottage. 
Even so trifling a cause as the continuance of wet feet,— that most noxious and 
depressing, because adhesive and permanent application of cold, where the circula, 
ion at the extremities must necessarily he the weakest, — has been known to induce 
an attack of typhus fever, when the moral and physical causes just enumerated could 
have lent little aid otherwise to the development of the disease. 

Typhus fever, then, is not only an endemic disease sui generis^ hut, so strono* is 
the disposition to that form of pyrexia, that it is prone to become an aggravation Ind 
super-admtion to other forms of fever ; and all the remittent types and degrees, as 
well as the catarrhal and peripneumonic fevers, are apt, either when long continued, 
or improperly treated under a heating regimen, to glide into it. This must he 
fiimihar to ewy practitioner, and I need not here dilate upon it. But besides the 
endemic ongin which I have here explained, there appears to be another source of 
the typhoid poison quite independent of season, atmosphere, and locality, which 
^ves use to a most virulent, aggravated, and dangerous form of this fever,— I mean 
a which arises from accumulated human effluvia in crowded ill-ventUated hos- 
pitals, pnsons, ships, barracks, or other habitations. 

wnphUosopIueal and incongruous to imagine that two 

otte’tSt each 

other, that they hare ever been treated, classed, and acknowledged for the same- 

"7 “““*7 ^^Ptoation of this phenomenon. But the fact is’ 
certain that they do so arise; for, m the contagious ..... 


gangrene in our great hospitals, or not impossi- 
t Vide Bancroft. 
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mk and wounded ; and it is tben so highly contagions that all other ulcers, or even 
abrasions of the shin, however healthy before, are speedily involved in its destructive 
course; and so highly does it impregnate the surrounding atmosphere with its con- 
tagion, that it is not even safe to bleed a patient in the same ward where it lies. 
You may look in vain for its origin under any circumstances in our hospitals but 
those just enumerated, as being capable of inducing typhus fever upon the sound, 
healthy inmates ; but in the wounded, where the poison finds a nidus and a vent, 
instead of affecting the constitution generally, it commits its hideous ravages upon 
the wounded limb.* * 

That moist cold, when applied to the destitute under circumstances of moral and 
physical depression, is, and ever must he, the endemial source of typhus fever, 
causing it to spring up spontaneously in this country with each revolving season, I 
have already shown. Should it he doubted, I may refer to the two extremes of the 
tropical regions, and those on the borders of the arctic circle. In the first it is never 
endemic, and cannot be called into existence under any circumstances but those of 
the most defective medical police ; and in the second, while sojourning there, I found 
to my surprise that it was almost equally rare; but the cause was not altogether 
hidden. The Russian peasant, although inhabiting the most rigorous climate of 
Europe, feels little of moist cold. The approach of winter is sudden, and the ground 
is almost immediately bound up dry in frost. His habitation is close and ill- 
ventilated, but he heats his stove night and day to an astonishing degree, — to 
tlmt degree that humidity is incompatible, and no contagion can exist; and every 
Russian or Finnish peasant, however filthy in his clothing and person, invariably 
takes a vapour bath at least once a week during all seasons of the year. The Esqui- 
maux Indians — those children of the arctic circle — filthy even to a proverb, are said 
to know nothing of typhus fever. They live in their snow-built huts, the driest of all 
hal Stations, although heated to a high degree in the centre by a large lamp of whale 
oil, and know little or no disease till the advent of their short summer, when the 
melting of their fusible walls subjects them to pleurisies in as great a degree as the 
inhabitants of Europe.f 

I acknowledge that there may, indeed must, be a peculiar aptitude in the moist 
soil and climate of the British isles for the generation and nurture of the typhoid 
poison; but this property of generating the typhoid principle is not exclusively pecu- 
liar to the insular soil. On the contrary, it is common to the human race whenever 
the circumstances here denoted can be brought into full operation and combination ; 
and even the high temperature and dry atmosphere of the tropics, however soon and 
certainly it may dissipate the principle, is not altogether proof against its generation, 
which has infested, and will infest mankind, so long as. they fail to observe the de- 
cencies of civilization, or neglect the preservatives which reason teaches, and all 
governments ought to enforce. Happily for the continuance of our race, this infec- 
tion, 80 easily generated, is essentially an infection of fomiUs alone (allowing that 
the qualities of atmosphere can be so denominated), incapable of transportation as a 

* The above relates to hospital gangrene alone, and has no reference to endemic or constitutional 
ulcers, which, however formidable their ravages may he, are never in thenwelves contagious. It 
may, however, reconcile my readers to the above doctrine, to state the fact that ulcers, devastating 
ulcers, have been seen in many parts of the world to be the substitute for endemic fever. Our army 
in St. Domingo, during the years 1796-7-8, abounded with such proofs;, and in some parts of the 
East Indies, where I have never been, I understand that examples of it are even more rife. 

t A reclaimed Esquimaux, of the name of Zaccheus, who was hired to accompany the first 
northern expedition under Captain Parry, although cradled midst the Polar snows, could not stand 
the vicissitudes of an ordinary Edinburgh winter, but died of pnmmonia in the Infirmary there, 
during tlie winter, 1819-20. 
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person^ contagion, and requires the aid of its own contaminated atmosphere before 
It M he diffused as an epidemic disease ; for it would otherwise open the widest 

outlet, and constitute the severest drain upon human life. 

r assume, then, for reasons which I shall now farther illustrate, that endemic 
Wms fever is not essentially an infectious disease; that it may be approached. at aU 
times TOth impumty under ordinary circumstances of ventilation and personal purity . 

and that where those are observed, it cannot be carried or transported by any sick’ 

however ill, so as to affect others in a different locality. To say that it has often 
spread to other inhabitants of the same locality or dweUing even, if it be incapable of 
tians^rtation, does not constitute a contagion. It only amounts to a disease’ of 
oca 1 y, very frequently remittent or catarrhal fever, sublimed into tvphus throush 
neglect or improper toeatment; and even should it infect visitors who choose to 
p ace themselves within its influence, upon the same ground, that would be no proof 

of contagion, unless those visitors could also carry the infection so as to commvmkate 

to othem upon different ground at a distance ; for to talk of contagion limited to 
one spot, IS surely only saying that the spot of ground, and not the“pers "he 

patient, must be the source of the disease.* 

In this transportability resides thevery touchstone and answer to the question of 
disease in a particular atmosnTipr/n nYvrT niorta irv . . 


control), to 


* This point has been well and 
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distinguish it from the endemic^ wliich we cannot prevent, must also he contagious 
under the same circumstances. Here, however, I believe, in like manner, that th^ 
person of the patient, independent ot fomitmf never gives out at any one time a 
sutliciency of the typhoid poison to affect another healthy person ; that the poison 
can only he made effective through contamination of atmosphere, under long- 
contmued accumulation of morbific effluvia; and, in fine, that the atmosphere of 
the patient is infectious, and not his person, w%ich if once cleansed and purified, and 
ventilation restored, may he approached, however ill he may he, vs^ith perfect 
impunity. In this belief I feel warranted, from the knowledge of several important 
facts, of a character so general as to warrant the gi*eatest confidence in their 
application. 1st, The Bristol Hospital, for a great many years, has received typhus 
fevers into its well-disciplined wards, without having ever spread the disease even to 
the most contiguous beds. 2ndly, Several of the great hospitals in London have 
followed the same example with the same results. 3rdly, The most pestilentially 
dangerous fevers to approach when single, in the confined dwellings of the poor, 
have almost everywhere been found devoid of every infectious principle when 
collected together in numbers, and confined by the hundred within the walls of 
a well-regulated fever hospital. Upon this point the question of contagion must 
turn ; for, if the evidence here given be not impugned, it will he impossible in 
human testimony to adduce anything more decisive and conclusive. Reasoning 
from single individual instances will generally deceive ; but well-digested impartial 
observation upon masses of men can never lead to an erroneous conclusion. 





SECTION vn.— MA,RSH POISON.* 

In this paper I propose submitting to the Society some observations on the nature 
and history of the marsh poison, wdiich, under the title of marsh miasmata, or 
malaria, has ever been acknowledged as the undisputed source of intermittent fevers, 
and is believed, with good reason, to he the exciting cause of the whole tribe of 
remittent fevers;— of endemic fever, in fact, in every form, and in every part of 
the world. , 

All authors who have treated of the nature of this poison (and they are most 
numerous) coincide in attributing its deleterious influence to the agency of vegetable 
or aqueous putrefaction. So universal a coincidence has caused these opinions 
to be received with the authority of an established creed. It is my intention 
to shew from a narrative of facts that they are unfounded^ and that putrefaction, 
under any sensible or discoverable form, is nor essential to the production of 
pestiferous miasmata. 

The marsh poison, happily so little known in this country and the colder regions 
of the earth, is notwithstanding by far the most frequent and destructive source of 
fever to the human race, as that form of fever to which it gives rise rages throughout 
the world wherever a marshy smface has been exposed for a sufficient length of time 
to the action of a powerful sun. I have said for a sufficient length of time, because, 
as will presently he seen, the marsh must cease to be a marsh, in the common 
acceptation of the word, and the sensible putrefaction of water and vegetables must 
alike be impossible, before its surface can become deleterious. It will also be seen 
that a healthy condition of soil in these pestiferous regions is infallibly regained by 
the restoration of the marshy surface in its utmost vigour of vegetable growth and 
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decay. The previous marshy surface, or rather the previous ahundanee of water, is, 
however, au iudispeusable requisite preliminary, in all situations, to the production 
and evolvement of the marsh poison. A short review of the circumstances which, 
under my own ohservation, attended our aiinies on service during the last war, will, 

I hope^ render these seemingly paradoxical opinions intelligible to the Society. 

The first time that I saw endemic fever, under the intermittent and remittent 
forms, become epidemic in an army, was in the year 1794, when, after a very hot and 
dry summor, our troops, in the month of August, took up the encampments of 
Bosendaal and Oosterhout, in South Holland. The soil in both places w^as a level 
plain of sand with perfectly dry surface, where no vegetation existed, or could exist, 
but stunted heath-plants: on digging, it was universally found to he percolated with 
water to within a few inches of the surface, which, so far from being at all putrid, 
was perfectly potable in all the wells of the camp. I returned to Holland in the 
year 1799, with the army under the command of the Duke of York, which remained 
the whole autumnal season in the most pestiferous portion of that unhealthy country, 
without its suffering in any remarkable degree from endemic fever. Dysentery W'as 
almost the only serious disease they encountered. Remittent fever was nearly 
unknown, and intermittent occurred very rarely; but the preceding summer season 
had been wet and cold to an unexampled degree; during the whole of the service 
we had constant rains, and the whole country was one continuous swamp, being 
nearly ftooded with water. In the year 1810, a British army at Walcheren, on 
a soil as similar as possible, and certainly not more pestiferous, but under the 
different circumstances of a hot and dry preceding summer, instead of a wet and cold 
one, suffered from the endemic fever of the country to a degree that was nearly 
unprecedented in the annals of warfare. 

Passing over my experience of endemic fever during three years’ service in 
St. Domingo, I now proceed to state what I observed on this subject in Portugal 
and Spain. In the Peninsular War, during the autumnal campaign of 1808, our 
troops, after the battle of Vimiera, were comparatively healthy. The soil of the 
province around Lisbon, where they were quartered, is a very healthy one (a slight 
covering of light sandy soil on a substratum of hard rock, which is almost always 
so bare that water can seldom he absorbed into it to any depth, but it is held 
up to speedy evaporation). The season was full as hot a one as is ordinarily 
seen in that country, hut dysentery was the prevailing disease. Early in 1809 
the army advanced to Oporto, for the expulsion of the French under Marshal 
Soult from Portugal, which, during a very cold and wet month of May (for that 
country), they effected, without suffering any diseases but the ordinary ones of 
the bivouac; and in June advanced again towards Spain in a healthy condition, 
during very hot weather. The army was still healthy, certainly without endemic 
fever, and marching through a singularly dry rocky country, of considerable 
elevs^ion, on the confines of Portugal. The. weather had been so hot for several 
weeks as to dry up the mountain -streams; and in some of the hilly ravines, 
that had lately been watercourses, several of the regiments took up their bivouac, 
for the sake of being near the stagnant pools of water that were still left amongst 
the rocks. The staff officers, who had served in the Mediterranean, pointed out 
the dangerous nature of such an encampment but as its immediate site, amongst 
dry rocks, appeared to be quite unexceptionable, and the pools of water in 
the neighbourhood perfectly pure, it was not changed. Several of the men were 
seized with violent remittent fever before they could move from the bivouac the 
following morning; and that type of fever, the first that had been seen on the 
march, continued to affect that portion of the troops exclusively for a considerable 
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time. Till then, it had always been helleyed amongst us, that vegetable putrefaction 
(the humid decay of vegetables) was essential to the production of pestiferous 
miasmata ; but, in the instance of the half-dried ravine before us, from the stony bed 
of which (as soil never could lie for the torrents) the very existence even of vegeta- 
tion was impossible, it proved as pestiferous as the bed of a fen. The army advanced 
to Talavera through a very dry countiy, and in the hottest weather fought that 
celebrated battle, which was followed by a retreat into the plains of JEstremadura, 
along the course of the Guadiana river, at a time when the country was so arid and 
dry, for want of rain, that the Guadiana itself, and all the smaller streams, had 
in fact ceased to be streams^ and were no more than lines qf detached pools In 
the courses that had formerly been rivers ; and there they suffered from remittent 
fevers of such destructive malignity, that the enemy and all Europe believed that the 
British host was extirpated ; and the superstitious natives, though sickly themselves, 
unable to account for disease of such uncommon type amongst the strangers, declared 
they had all been poisoned by eating tlie mushrooms (a species of food they hold in 
al)horrence) which sprung up after the first autumnal rains, about the time the 
epidemic Iiad attaiiied its height. The aggravated cases of the disease differed little 
or nothing from the "worst yellow fevers of the West ladies; and in all the subsequent 
campaigns of the Peninsula, the same results uniformly followed, whenever, during 
the hot seasons, any portion of the army was obliged to occupy the arid encampments 
of the level couiitry, which at all other times were healthy, or at least unproductive 
of endemic fever. 

To save further narrative, I eonclude this part of the subject by adducing some 
topographical illustrations. 

The hare hilly eountry, near Lisbon, where the foundation of the soil, and of the 
l)cds of the streams, is rock, with free open watercourses amongst the hills, as 
I have said before, is a very healthy one ; but the Alentcjo land, on the other side of 
the Tagus, though as dry superficially, being perfectly flat and sandy, is as much the 
reverse as it is possible to conceive. The breadth of the river, which at Lisbon does 
not exceed two miles, is all that separates the healthyfrom the unhealthy region ; 
and the villages or hamlets that have been placed along the southern bank of 
the Tagus, for the sake of the navigation, are most pestiferous abodes. The sickly 
track, however, is not confined to the immediate shore of the river. Salvaterra, for 
example, about a mile inland, is a large village, and royal hunting residence in 
the Alentejo, which is always reputed to be very healthy till the beginning of 
the autumnal season, when every person who has the means of making his escape 
flies the place. In their superstitious fear, the inhabitants declare, that even the 
horses and other animals would be seized with fever if left behind, and therefore they 
always remove the royal stud. The country around is perfectly open, though very 
low, and flooded with water during the whole of the rainy season; but at the time of the 
imriodical sickness, it is always most distressingly dry ; and exactly in proportion to 
the previous drought, and consequent dryness of soil, is the quantum of sickness. 1 
have visited it upon these occasions, and found it the most parched spot I have ever 
seen ; the houses of the miserable people that were left beliind being literally buried 
in loose dry sand that obstructed the doors and windows. 

Cividad Ilodrigo affords another illustration of the same. It is situated on a rocky 
bank of the river Agueda, a remarkably clean stream; but the approach to it on the 
side of Portugal is through a bare hollow country, that has been likened to the dried- 
up beil of an extensive lake ; and upon more than one occasion, when this low land, 
after having been flooded in the rainy season, had become as dry as a brick- ground, 
with the vegetation utterly burned up, there arose fevers to our troops, which 
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for malignity of type could only be matched by those before mentioned on the 
Guadiana. 

At the town of Corea, in Spanish Estremadura, not very dissimilarly situated, 
on the banks of the Alagon (also a very pure and limpid stream), our troops 
experienced similar results ; with this addition clearly demonstrated, that no spot of 
the pestiferous savannah below the town was so much to be dreaded as the imme- 
diate shores of the river; so that even the running stream itself, which in all other 
eountries has been ‘esteemed a source of health, and delight, and utility, in these 
malarious lands proved only an addition to the endemic pestilence. It is difficult to 
conceive anything more deceptious than the appearance of these two towms, par- 
ticularly the last, which might have been pitched upon by the hest-instructed Medical 
Officer, if unacquainted with the nature of malaria, as a place of refuge from disease ; 
for the shores of the river (it bad no confining banks) seemed perfectly dry, and 
there was not an aquatic weed, nor a speck, nor a line of marsh to he seen within 
miles of the town, nor anything but dry, bare, and clean savannah. It had, however, 
been so far the contrary in all past times, that the canons and ecclesiastics of 
the ancient cathedral had a dispensation from the Pope of no less than five months’ 
leave of absence, to avoid the ealmtura {ihtii name for the endemic fever). In the 
other ecclesiastical residences of Estremadura, the same dispensation rarely extended 
beyond months, but almost all had some indulgence of the kind. During 
the autumnal season, the epidemic prevailed so generally amongst all classes of 
the inhabitants, that even infants at the breast were affected with it, and few of the 
residents attained to anything like old age. The oldest person I ever saw in Corea, 
who was a priest, that had often taken advantage of the dispensation for leave 
of absence, was only in his 57th year, and he appeared like a man past 70. The 
inhabitants, nevertheless, seemed always surprised and offended when w^e condoled 
with them oh the unhealthiness of their country, which they would not admit in any 
degree; for with them, as everywhere else, where immemorial experience has shown 
that it is impossible to avoid a calamity, it goes for nothing. They contemplated its 
approach with the same indifference that a Turk does the plague, and patiently 
awaited its extinction by the periodical rains of the winter season ; not, however, 
without some exultation and self-congi'atulation on the greater comparative mortality 

that occurred amongst the stranger soldiers than amongst themselves. 

Prom all the foregoing it will he seen, that in the most unhealthy parts of Spain, i 

we may in vain, towards the close of the summer, look for lakes, marshes, ditches, ' 

pools, or even vegetation. Spain, generally speaking, is then, though as prolific of 
endemic fever as Walcheren, beyond all doubt one of the driest countries in Europe, 
and it is not till it has again been made one of the wettest, by the periodical rains, 
with its vegetation and aquatic weeds restored, that it can be called healthy, or even 
habitable, with any degree of safety. 

Another property of the marsh poison is its attraction for, or rather its adherence 
to, lofty umbrageous trees. This is so much the case, that it can with difficulty be 
separated from them ; and in the territory of Guiana particularly, where these trees 
abound, it is wonderful to see how near to leeward of the most pestiferous marshes 
the settlers, provided they have this security, will venture, and that with comparative 
iinpunity, to place their habitations. 

The town of New Amsterdam, Berbice, is situated within musiet-shot to leeward 
of a swamp, extremely offensive at a certain stage of dryness, in the direct tract of a 
strong trade-wind that blows night and day, and at these times poUutes even the 
sleeping apartments of the inhabitants with the stench of the marshes ; yet it ordi- 
narily brings nofevets, though every one is well aware that it would he almost cer- 
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If lain death for a European to sleep or even to remain, after nightfall, under the shade 

of the lofty trees that cover the marsh at so short a distance. All, too, are equally 
aware that to cut down these trees would he a most dangerous operation in itself, 
and would certainly he productive of pestilence to the town, A still better instance 
of the same, and with the same results, may be seen at Paramaribo, the capital of 
Surinam, where the trade-wind that regularly ventilates the town and renders it 
habitable, blows over a sw^amp within a mile of the town, which, foriunately for the 
inhabitants, is covered with the same description of trees. 

Should it he said that the poison must then emanate from aqueous putrefaction 
alon<!, I think this may be disproved by equally familiar examples. The bdge-water 
in the holds of ships, which at all times smells more offensively than the most 
ackimwlcdged pestiferous marshes, would in that case infallibly, and at all times, be 
I generating fevers amongst the crew, more particularly in tropical climates. I need 

scarcely say that this does not consist with the fact, unless it he in some rare in- 
stances where the bilge-water lias become, like tliat of the marsh, actually dried up, 
or absorbed into the collected rubbish and foulness of the ship^s well ; thereby veri- 
fying the common saying of the sailors, that a leaky ship is ever a healthy ship, and 
tice pend. Or if it be objected that the salt may have a preserving power, let us 
look at the quantity of fresh water (not unfrequently the impure water of an alluvial 
river) laid in for a first-rate man-of-war proceeding on a long voyage. This is so 
great as to constitute many floorings or tiers of barrels, close to which the people 
sleep with impunity, though it is always disgustingly putrid, and could not fail to 
affect them if it contained any seeds of disease. Examples of the same on land may 
he found with equal facility. At Lisbon and throughout Portugal there can be no 
gardens without water; but the garden is almost everything to a Portuguese family. 
All classes of the inlialutants endeavour to establish and preserve them, particularly 
r in Lisbon, for wliich purpose they have very large stone reservoirs of water, that are 

filled by pipes from the public aqueducts, when water is abundant; but these sup- 
plies arc always cut off in the summer. The w'ater, consequently, being most pre- 
cious, is husbanded with the utmost care for the three months^ absolute drought of 
the summer season. It falls of course into the most concentrated state of foulness 
and putridity, diminishing and evaporating day after day, but never absorbed, till it 
subsides either into a thick green vegetable scum or a dried crust. In the confined 
I gardens of Lisbon particularly, these reservoirs may he seen in this state close to the 

1 houses, even to the sleeping- places of the household, in the atmosphere of which they 

literally live and breathe ; yet no one ever heard or dreamed of fever being generated 
amongst them from such a source; though the most ignorant native is well aware 
that were he only to cross the river and sleep on the sandy shores of the Alentejo, 
where a particle of water at that season had not been seen for months, and where 
water being absorbed into the sand as soon as it fell, was never known to be putrid, 
he would run the greatest risk of being seized with remittent fever. 

The deduction from the preceding facts appears to be unquestionable, that endemic 
fevers cannot be generated eitlier from aqueous or vegetable putrefaction, singly or 
combined. It emanates, as we have seen, from the shores of the purest streams, 
wherever they have been flooded during the rains, through want of confining banks, 
f and it is absent from the most putrid waters. It must be impossible that healthy 

living water, which, from its current, is in a perpetual course of being refreshed and 
^ renewed, can ever, by any degree of solar heat, be brought into the state of morbific 

miasmata; and the evil must therefore reside in the half-dried and drying margin; 
for the swamp is no more than this margin rolled up under another shape, and it must 
be brought into the same degree of dryness before it can produce any morbific effects. 
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One only condition, then, seems to he indispensable to the production of the maxsh 
poison, on all surfaces capable of absorption, — and that is, the paucity of water 
where it has previously and recently abounded. To this there is no exception in 
climates of high temperature; and from thence we may justly infer, that the poison 
is produced at a highly advanced stage of the drying process ; but, in the present 
state of our knowledge, we can no more tell what that precise stage may be, or what 
that poison actually is, — ^the development of which must necessarily be evei varying 
according to circumstances of temperature, moisture, elevation, perflation, aspect, 
texture, and depth of soil, — than we can define and describe those vapours that gene- 
rate typhus fevers, smaU-pox, and other diseases. The marsh and the stagnant pool 
will no doubt be pointed out as the ostensible sources from which this poison has 
ever sprung ; but the marsh, it has been seen, is never pestiferous when fully covered 
with water. At all other times it must present a great variety of drying surface, and 
both the lake and the marsh must ever possess their saturated, half-dried, and drying 
margins. It is from these that the poison uniformly emanates, and never from the 
body of the lake or pool ; and I think it may he even fairly presumed that water, for 
as long as it can preserve the figure of its particles above the surface, is innoxious, 
and that it must first be absorbed into the soil, and disappear to the eye, before it 
can produce any mischievous ctfects. The most ignorant peasant of Lincolnshire 
knows that there is nothing to be apprehended from the ditches of his farm till they 
have been dried up by the summer heat ; and though the inhabitant of Holland may 
point to the unexhausted foul canal as the source of his autumnal fever, there can be 
little doubt that he might live upon a sea of the same with impunity, and that it is 
to the absorbed waters under his feet, which, without the canal, would in all proba- 
bility he much more pestilential, he ought to attribute the disease. To assert, after 
all this, that the putrid marsh, which must necessarily, to a certain degree, he a wet 
one, is positively less dangerous than another where no smell exists, will not, I am 
sure, appear paradoxical ; for it is only saying, that the first has not yet arrived at the 
degree of exsiccation that has been found most productive of the marsh poison, and 
that putrefaction, though it may, and must often precede and accompany pestilence, 
is no part of pestilence itself. 

The symbol of vegetable putrefaction, in the decay of the aquatic weeds that cover 
the pool, constantly meets the eye, and deceives the judgment ; and the smell of the 
putrefying waters combined vdth it confirms a delusion which has ever prevented us 
from discovering that the action of a powerful sun on its half-dried margin is 
adequate to the production of all that could be attributed to the humid decay of 
vegetables. The greatest danger, then, may, and does often exist, where no warning 
whatever is perceptible to the senses ; and whoever, in malarious countries, waits for 
the evidence of putrefaction, will, in all the most dangerous places, find that he has 
waited too long, as every one can testify who has seen pestilence steam forth, to the 
paralyzation of armies, from the hare barren sands of the Alentejo in Portugal, the 
arid burnt plains of Estremadura in Spain, and the recently flooded table lands of 
Barbadoes, which have seldom more than a foot of soil to cover the coral rock, and 
are therefore, under the drying process of a tropical sun, brought almost immediately 
after the rains into a state to give out pestilential miasmata. 

I shall conclude this paper with a few more observations on some of the qualities 
not yet noticed of the marsh poison. ISfo experiments hitherto made have enabled us 
to pronounce whether it be specifically heavier or lighter than common air, but it 
evidently possesses an uncommon and singular attraction for the earth s surface ; for 
in all malarious seasons and countries the inhabitants oi ground fioors are uni- 
formly affected in a greater proportion than those of the upjjer stories. According to 
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official returns during the last sichly season at Barhadoes, the proportion of those 
taken ill with fever, in the lower apartments of the barracks^ exceeded that of the 
upper by one-third, throughout the whole course of the epidemic. At the same time 
it was observed that the deep ditches of the forts, even though they contained no 
water, and still more the deep ravines of rivers and watercourses, abounded with the 
malarious poison. At Basseterre, Guadaloupe, a guard-house placed at the conflux 
of the inner and outer ditch of the fort invariably affected every white man with 
fever that took a single night-guard in it j and the houses that were huilt in the 
ravine of the river Gallion (a clear rapid mountain-stream that runs through the 
town), or opposite to its houchure^ proved nearly as unhealthy as the guard-house 
above mentioned. 

Another proof that from the attraction here alluded to it creeps along the 
ground, so as to concentrate and collect on the sides of the adjacent hills, instead of 
floating directly upwards in the atmosphere, is the remarkable fact, that it U cer- 
tainly lost and absorbed by passing over a small surface of watery which could 
scarcely happen unless it came into direct contact with' the absorbing fluid. The 
rarefying heat of the sun, too, certainly dispels it, and it is only during the cooler 
temperature of the night that it acquires body, concentration, and power. All 
regular currents of wind have also the same effect, and I conceive it to be through 
the agency of the trade-wind alone, which blows almost constantly from east to west, 
that the greater part of the West Indies is rendered habitable. When this purifying 
influence is withheld, either through the circumstances of season, or when it cannot 
be made to sweep the land on account of the intervention of high hills, the conse- 
quences are most fatal. The leeward shore of Guadaloupe, for a course of nearly 
thirty miles, under the shelter of a very high steep ridge of volcanic mountains, never 
felt the sea-breeze, nor any breeze but the night land wind from the mountains | 
and though the soil, which I have often examined, is a remarkably open, dry, and 
pure one, being mostly sand and gravel, altogether and positively without marsh in 
the most dangerous places, it is inconceivably pestiferous throughout the whole tract, 
and in no spot more so than the bare sandy beach near the high-water mark. The 
coloured people alone ever venture to inhabit it, and when they see strangers tarrying 
on the shore after nightfall, they never fail to warn them of their danger. 


PART II.*— CHOLERA. 

SECTION I.— NOTIFICATION IN RESPECT TO THE NUISANCES REMOVAL AND 
CONTAGIOUS DISEASES PREVENTION ACT. 

^ General Board of Health, Gwydyr House, 

p '■ ' ■ ■ ^ , , October 6, 1848. 

The General Board of Health having considered the official accounts which have 
been received of the course of Asiatic cholera since the presentation of the Reports of 
the Metropolitan Sanitary Commissioners, and having consulted medical practitioners 
of eminence and of special knowledge of the subject, and having compared the tenor 
of those recent accounts with the observations made respecting the former mode of 
the propagation of Asiatic cholera in Europe, have now to represent*— 

That the experience obtained of this disease during its former invasions of this 
country in the years 1831 and 1832, and the still larger experience acquired during 
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its recent progress ttongli Persia, Egypt, Syria, Russia, Poland, and Prussia, appears 
to afford ground for the correction of some views formerly entertamed conceriimg it, 
which have an important bearing on the measures, both of prevention and alleviation, 
that are expedient to he adopted. 

The extent, uniform tenor, and undoubted authority of the evidence obtained from 
observers of all classes, in different countries and climates, and amidst all varieties of 
the physical, political, and social conditions of the people, appear to discredit the 
once prevalent opinion that cholera is in itself contagious j an opinion which, if 
fallacious, must be mischievous, since it diverts attention from the true source of 
danger aud the real means of protection, and fixes it on those which are imaginary; 
creates panic; leads to the neglect and abandonment of the sick; occasions great 
expense for what is worse than useless ; and vrithdraws attention from that brief but 
important interval between the commencement and the development of the disease, 
during which remedial measures are most effective in its cure. 

Although it is so far true that certain conditions may favour its spread from 
person to person, as when great numbers of the sick are crowded together in close, 
unventilated apartments, yet this is not to be considered as affecting the general 
principle of its non-contagious nature ; nor are such conditions likely to occur in this 
country: moreover, the preventive measures founded on the theoiy of contagion, 
namely, intenial quarantine regulations, sanitary cordons, and the isolation of the 
sick, on which formerly the strongest reliance was placed, have been recently 
abandoned in all countries where cholera has appeared, from the general experience 
of their inefikjiency. 

The evidence also proves, that cholera almost always affords, by premonitory 
symptoms, warning of its approach, in time for the employment of means capable of 
arresting its progress. If, indeed, in certain situations, as where there is an unusual 
concentration of the poison, or in certain individuals who are peculiarly predisposed 
to the disease, the attack may appear sometimes to be instantaneous, still the general 
conclusions, that cholera is not in itself contagious, and that it commonly gives 
distinct warning of its approach, are two great facts well calculated to divest this 
disease of its chief terrors, and to show the paramount importance of the means of 
prevention, so much more certain than those of cure. 

The proved identity of the causes which promote the origin and spread of epidemic 
diseases in general, with those that favour the introduction and spread of Asiatic 
cholera, appear to indicate the true measures of precaution and prevention against a 
pestilence, which, after an absence of sixteen years, and at a season when otlier for- 
midable epidemic diseases arc unusually prevalent and deadly, menaces a third 
visitation; and the General Board of Health would appeal to all classes for their 
cordial co-operation in carrying into effect the measures which careful consideration 
has led them to recommend, in the full conviction that the powers given by the 
Legislature for this purpose, though they may not be fully adequate, and though the 
time to use them may be short, cannot fail with such co-operation to be attended 
with highly beneficial results. 

Great benefit having been derived from the cleansings that were resorted to on the 
former visitation of cholera, and experience having shown that preventive measures 
against cholera are also preventive against typhus and other epidemic and endemic 
diseases, the Boards of Guardians should carry into immediate effect all practical 
measures of external and internal cleansing of dwellings in the ill-conditioned 
districts. 

The chief predisposing causes of every epidemic, and especially of cholera, are 
damp, moisture, filth, animal and vegetable matters in a state of decomposition, and, 
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in general, whatever produces atmospheric impnrity ; all of which have the effect of 
lowering the health and vigour of the system, and of increasing the snsceptibility to 
disease, particnlarly among the yonng, the aged, and the feeble. 

The attacks of cholera are uniformly found to be most frequent and virulent in 
low-lying districts, on the banks of rivers, in the neighbourhood of sewer mouths, 
and wherever there are large collections of refuse, particnlarly amidst human 
dwellings. In a recent proclamation, issued for the protection of the population of 
the Russian empire, the important influence of these and similar causes has been 
recognized, and the practical recommendations founded thereon are keep the 
person and the dwelling-place clean, to allow of no sinks close to the house, to admit 
of no poultry or animals within the house, to keep every apartment as airy as possible 
by ventilation, and to prevent crowding wherever there are siek.^^ 

Householders of all classes should be warned, that their first means of safety lies 
in the removal of dung-heaps and solid and liquid filth of every description from 
beneath or about their houses and premises. Though persons long familiarized to 
the presence of such refuse may not perceive its offensiveness nor believe in its 
noxious properties, yet all who desire to secure themselves from danger should labour 
for the entire removal of filth and the thorough cleansing of their premises; which 
also the law will require of each person for the protection of his neighbours, as well 
as for his own safety. 

Next to the perfect cleansing of the premises, dryness ought to be carefully 
promoted, which will of course require the keeping up of sufficient fires, particularly 
in damp and unhealthy districts, where this means should be resorted to for the sake 
of ventilation as well as of warmth and dryness. 

From information recently obtained from Russia, it appears that in some barracks, 
and in other places in which large numbers of people are congregated, where these 
conditions have been attended to in a manner that may he equally practised in 
private houses, there has been a comparative immunity j&om the prevailing epidemic, 
exactly as in this country, where, in public institutions, though as yet by no means 
perfect in the means of ventilation, there has been an almost entire exemption from 
epidemics which have ravaged private houses in the very same districts. 

In the mean time, if notwithstanding every precautionary measure which can 
be taken, this disease should unhappily break out in any district, then it will be 
essential to the safety of the inhabitants that they should be fully impressed with the 
importance of paying instant attention to the premonitory symptom that announces 
the commencement of the attack. 

This premonitory symptom is looseness of the bowels, which there is reason to 
regard as universally preceding the setting in of the more dangerous state of the 
disease. Sometimes, indeed, under the circumstances already described, namely, 
where the poison exists in unusual intensity, or the constitutional predisposition 
is unusually great, the first stage may appear to be suppressed, as occasionally 
happens in violent attacks of other diseases ; but in cholera this event is so rare as 
to be practically of no account; and in all countries, and under all varieties of 
conditions in which this disease has been epidemic, the experience as to this point 
uniformly agrees with what is observed at the present moment at Hamburgh, 

^‘In most cases,'’ writes the British Consul, respecting the epidemic which has 
just broken out in that city, “the disease has first manifested itself in a slight 
relaxation of the bowels, which, if properly attended to, the patient generally recovers ; 
but if the symptoms are neglected, spasmodic attacks ensue, and death follows mostly 
in from four to six hours. 

This looseness of the bowels may be accompanied with some degree of pain, which, 
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however, is generally slight; hut in many cases pain is wholly absent; and for some 
hours, and even days, this bowel complaint may be so slight as to appear trifling ; so 
that, without a previous knowledge of the importance of the warning, it might easily 
escape notice altogether. 

It must be repeated, however, that whenever Asiatic cholera is epidemic, the 
slightest degree of looseness of the bowels ought to be regarded and treated as the 
commencement of the disease, which at this stage is capable of being arrested by 
simple means; but, if neglected only for a few hours, may suddenly assume a fatal 
form. • 

Medical authorities are agreed that the remedies proper for the premonitory 
symptom are the same as those found efficacious in common diarrhoea; that the most 
simple remedies will suffice, if given on the first manifestation of this symptom ; and 
that the following, which are within the reach and management of every one, may 
be regarded as among the most useful, namely, twenty grains of opiate confection, 
mixed with two tahle-spoonfuls of peppermint water, or with a little weak brandy 
and water, and repeated every three or four hours, or oftener, if the attack is severe, 
until the looseness of the bowels is stopped ; or an ounce of the compound chalk 
mixture, with ten or fifteen grains of the aromatic confection, and from five to 
ten drops of laudanum, repeated in the same manner, Trom half a drachm to a 
drachm of tincture of catechu may be added to this last, if the attack is severe. 

Half these quantities should he given to young persons under fifteen, and still 
smaller doses to infants. 

It is recommended to repeat these remedies night and morning for some days after 
the looseness of the bowels has been stopped. But, in all cases, it is desirable, 
whenever practicable, that even in this earliest stage of the disorder, recourse should 
be had to medical advice on the spot. 

Next in importance to the immediate employment of such remedies is attention to 
proper diet and clothing. Whenever Asiatic cholera is epidemic, there is invariably 
found among great numbers of the inhabitants an extraordinary tendency to irritation 
of the bowels; and this fact suggests, that eveiy article of food which is known 
to favour a relaxed state of the bowels should, as far as possible, be avoided,— such 
as every variety of green vegetable, whether cooked or not, as cucumber and salad. 
It will be important also to abstain from fruit of all kinds, though ripe and even 
cooked, and whether dried or preserved. The most wholesome articles of vegetable 
diet are welUlaked hut not new bread, rice, oatmeal, and good potatoes. Pickles 
should be avoided. Articles of food and drink which, in ordinary seasons, are generally 
wholesome, and agree well with the individual constitution, may under this unusual 
condition prove highly dangerous. The diet should he solid rather than fluid ; and 
those who have the means of choosing, should live principally on animal food, 
as affording the most concentrated and invigorating diet ; avoiding salted and smoked 
meats, pork, salted and shell flsh, cid&r, perry, ginger beer, lemonade, acid liquors 
of all descriptions, and ardent spirits. Great moderation, both in food and drink, 
is absolutely essential to safety during- the whole duration op the epidemic 
PERIOD. One single act of indiscretion has, in many instances, been followed by a 
speedy and fatal attack. The intervals between the meals should not be long; 
cholera being uniformly found to prevail with extraordinary intensity among the 
classes that observe the protracted fasts common in Eastern and some European 
countries. 

The practical importance of these cautions might be illustrated by striking 
examples. Dr. Adair Crawford states, that in Russia the most intense of all the 
attacks were those that followed a hearty meal taken immediately after a protracted 
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fast. In our own country, during its former ■visitation, the most frequent and deadly 
attacks were observed to be those that took place in the middle of the night, a few 
hours after a heavy supper. The three fatal cases that have just occurred to sailors 
who had been at Hamburgh, and who were brought sick to Hull, turned out on 
inquiry to have followed very shortly after the men had eaten a large quantity 
of plums, and had drunk freely of sour heer; and the two still more recent fatal cases 
on hoard the ship ‘ Yolant,’ of Sunderland, both occurred in drunkards, who persisted 
in the practice of intoxication, notwithstanding the earnest warnings that were given 
them against the dangers of intemperance. 

On account of the intimate connection between the external skin and the internal 
lining membrane of the bowels, warm clothing is of great importance. The wearing 
of flannel next the skin is therefore advisable. Recent experience on the Continent 
seems to show that it was useful to wear in the daytime a flannel bandage round 
the body, and this may become necessary in our own country during damp and cold 
■weather. 

Particular attention should be paid to keeping the feet warm and dry ; changing 
the clothes immediately after exposure to wet ; and maintainiug the sitting and bed 
rooms well-aired, dry, and warm. 

It may be necessary to add a caution against the use of cold purgative medicines f 
such as suto, particularly Glauber salts, JE^mm salts, and Seidlitz powders, which. 
taken in amj qmntilg, in such a season, are dangerous. Drastic purgatives of 
all kinds should be avoided, such as senna, colocynth, and aloes, except under special 
medical direction. 

If, notwithstanding these precautionary measures, a person is seized suddenly with 
cold, giddiness, nausea, vomiting, under circumstances in which instant 

W medical assistance cannot be procured, the concurrent testimony of the most 

experienced medical authority shews that the proper course is to get as soon 
as possible into a warm bed; to apply warmth by means of heated flannel, or bottles 
filled with hot water, or bags of heated camomile flowers, sand, bran, or salt, to the 
feet and along the spine ; to have the extremities diligently rubbed ; to apply a large 
poultice of mustard and vinegar over the region of the stomach, keeping it on fifteen 
or twenty minutes ; and to take every half-hour a tea-spoonful oisal volatile in a little 
hot water, or a dessert-spoonful of brandy in a little hot water, or a wine-glass of hot 
wine whey, made by pouring a wine-glass of sherry into a tumbler of hot milk ; in a 
word, to do everything practicable to procure a warm, general perspiration until the 
arrival of the medical attendant, whose immediate care, under such circumstauces, is 
indispensable. 

It has not been deemed necessary or proper to give instructions for the treatment 
of the advanced stage, from the confident expectation that the proposed arrangements 
f will supply medical attendance to all cases that may reach that condition, by which 

means the specific symptoms of each individual case will receive their appropriate 
treatment. 

Though the season of danger may demand some extraordinary exertion and sacrifice 
on the part of all classes, yet this period will probably not be protracted, since, on 
the former visitation of cholera, it seldom remained in any place which it attacked 
longer than a few months, and rarely more than a few weeks ; while it may he 
reasonably expected that the improvements eflfected with a view to check its progress 
will be equally efficacious in shortening its duration ; and that these improvements 
will not be temporary like the occasion that called for them, but will be attended 
with lasting benefit. 


In conclusion, the General Board of Health would again urge the consideration, 




SANITARY PRECAUTIONS' 


that whatever is preventive of cholera is equally preventive of typhus and of every 
other epidemic and constantly recurring disease; and would earnestly call the atten- 
tion of ail classes to the striking and consoling fact, that, formidable as this malady is 
in its intense form and developed stage, there is no disease against which it is in our 
power to take such effectual precaution, both as collective communities and private 
individuals, by vigilant attention to it in its first or premonitory stage, and by 
the removal of those agencies which are known to promote the spread of al epidemic 
diseases. Though, therefore, the issues of events are not in our hands, there is 
ground for hope and even confidence in the sustained and resolute employment of the 
means of protection which experience and science have now placed within our reach. 

By order of the General Board of Health, 
Heney Austin, 


SECTION II.— NOTIFICATION IN EESPECT TO THE RE- APPEARANCE OF CHOLERA. 

The circumstances under which the disease has re-appeared leave no doubt that 
these local outbreaks ought to be regarded as general warnings, proclaiming the 
necessity of the immediate and general adoption of every practical measure of pre- 
caution, as well on the part of private individuals as of collective communities. 

The General Board of Health have to regret the failure of any mode of treatment 
that has been hitherto adopted in the developed or collapsed stage of this disease. 
They would not discourage efforts to arrest the progress of the malady in this stage : 
they believe, from information communicated to them, that individuals have been 
recovered from it who have received from the hands of their medical attendants the 
unremitting attention which is given to a person in a state of suspended animation; 
but few can receive such attention when the sufferers are numerous ; and the register 
of deaths in all countries, in all climates, among all ages and classes, and whatever 
mode of treatment may have been adopted, shews that the only well-founded hope of 
saving life is by prompt and continued attention to the very first indications of 
an attack. 

Recent experience has fully confirmed the evidence previously adduced that the 
localities of this disease and the localities of other epidemics are the same, not a 
single instance having come to the knowledge of the Board of the spread of 
this scourge in groups in any other than the ordinary seats of typhus and other 
zymotic diseases ; those seats being uniformly marked by the existence of filth, 
bad ventilation, overcrowding, and other local causes of atmospheric impurity. This 
is so certain and constant, as to afford stronger grounds than ever for the pre- 
sumption of culpable ignorance and neglect wherever successive cases continue to 
occur in any locality, or wherever the disease widely spreads through a court, street, 
or district. 

Recent experience further establishes the advantages that have resulted from the 
operations of cleansing. The first cases of cholera that occur in a locality are some- 
times sudden, without any premonitory symptom : this suddenness of attack is in 
itself evidence of the local presence in unusual intensity of the causes of atmospheric 
impurity. As soon as cleansing operations have been carried into full effect, these 
sudden cases cease, and instead of them diarrhoea appears, which, if promptly and 
properly treated, does not pass into cholera. Uniform experience shews that the 
first and certain effect of these cleansing operations is to stop these sudden attacks ; 
and the cases of premonitory diarrhoea that follow, if early and properly attended to, 
are, in the great majority of instances, arrested at once ; and thus the extension and 
the great mortality of cholera are checked. 
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The proportion of deaths to attacks serves to show that the severity of the 
disease itself, wherever it actually breaks out, is as great as at any former period, if 
not greater ; and a strong presumption arises that, but for such exertions as have 
been made, the general visitation would be equally severe, as it still is in those 
localities of the towns and cities of Egypt, Russia, and other places where no 
sanitary improvement has been effected. 

The General Board of Health have to renew their former representation, that what 
is done against this one disease will have been done against the entire class of 
epidemic diseases. It is scarcely possible to over-estimate the importance of the 
conclusion to which the whole tenor of recent experience leads, that in proportion to 
the intelligence and energy exerted for the removal and prevention of the localizing 
conditions on which the presence of this disease depends, it is practicable in a great 
degree to secure immunity from it, and that, if happily cholera should not again 
prevail to any great extent, those exertions will be equally effectual against typhus, 
scarlet fever, diarrhcea, and other native and prevalent epidemic, endemic, and conta- 
■gious diseases.' 

By order of the General Board of Health, 

Henry Austin, Secretary, 

SECTION III. — PRECAUTIONS AGAINST CHOLERA AND OTHER EPIDEMIC DISEASES, 

ADDRESSED BY THE GENERAL BOARD OF HEALTH TO CAPTAINS OF MERCHANT 

SHIPS, STEAMERS, AND COLLIERS. ' 

Having already directed attention to the general want of cleanliness and ventilation 
in the vessels themselves, and the unhealthiness of the situation in which they are 
often moored, the General Board of Health deemed it desirable to issue some special 
instructions on the present occasion, in consequence of its having been ascertained 
that the captains, although for the most part provided with medicine chests, had no 
knowledge whatever of the treatment proper to he adopted in the event of any of the 
crew being attacked with diarrhcea or cholera. Many sailors, it was further learnt, 
had beeii attacked whilst on the voyage, and some had died without any effeient 
treatment having been applied. Great evil, and frequently fatal results, had also 
ensued in consequence of captains neglecting to obtain early medical assistance when 
any of their crew were attacked whilst in port; and especially owing to the neglect 
of the premonitory diarrhoea, the general occurrence of which before an attack of 
cholera was not known. The medicine here recommended (laudanum) was selected 
as being that with which the captains were best acquainted, and with which most 
ships are provided. It must be apparent that only the most general treatment could, 
in the peculiar circumstances of the case, be directed. 

First Imtrucfion, — Guard against looseness of the dowels and purging. — Before a 
person is attacked by the cholera, he is almost sure to have for a day or two, or for 
several days, or only for a few hours, some looseness of the bowels or purging; there 
is often no pain, but this must not put any one off Ms guard as to the importance of 
this w^arning. The captain or mate ought, therefore, without alarming the men, to 
inquire of the crew daily whether any of them have looseness or purging, as this 
might by chance become worse. If a man is purged, let him go to bed, be kept quite 
wnrm, and if he is cold, apply bottles of hot water, or bags filled with hot salt or 
bran to the stomach or feet. Give him immediately eight drops of laudanum in a 
wine-glass of hot and weak brandy and water ; give the man this every two hours, as 
long as he is purged. The same dose should be given, night and morning, for one or 
two days after the piirghig has stopped. 
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Second Instruction, ’-^What is to he done if a man is seized or taken with cholera,’--* 
This comes on with cold, giddiness, sickness, vomiting and purging of what looks 
like dirty water, or rice and w^ater. Let the man get into a hot bed ; cover him well 
with blankets; apply bottles of hot water, or bags filled with hot salt, sand, or bran, 
to the stomach, spine, and feet. Be sure he is not exposed to a draught or cold, the 
object being to get him into a sweat. Put a large poultice of mustard and vinegar 
over the stomach, and keep it on fifteen or twenty minutes. Give the man fifteen 
drops of laudanum, with a tea-spoonful of brandy (or whisky or other spirit in the 
absence of brandy) in a little hot water; a little ginger or cloves may be added. 
This medicine may be given every hour for six hours, hut /owp'er,* it must then be 
left off. When the man begins to sweat, give him some hot tea, with a tea-spoonful 
of brandy in it, and keep him warm in bed. 

Third Instruction.-— When the ship is in port, medical advice should be got as- 
soon as possible in any case of seizure, as the delay of even one hour may cause 
death. 

Fourth Instruction, — On Food. — All kinds of fruit, salads, cucumbers, celery, and 
pickles had better be avoided; also oysters, lobsters, crabs, mussels, or other shell- 
fish. ■ 

The most wholesome articles of food are well-baked bread, good biscuits, rice, oat- 
meal, peas, and good potatoes. Solid food is better than fluid, and therefore at this 
time it would be a good thing to give the crew beef and mutton instead of soup. 

Fifth Instruction, — On the danger of spirits, corn-hrandy, wine, beer, 8^c.—l% is a 
very common notion among sailors and other people, that brandy, whisky, rum, wine, 
and the like, are good as a protection against the cholera. This is a total and fatal 
mistake. In every country and town where the cholera has broken out, drunkards, 
and those who drink freely, have been the first and greatest sufferers from the dis- 
ease: temperate men usually escape, drunkards usually die. It is therefore earnestly 
hoped and requested that captains win warn their crews against all excess in drink- 
ing; more especially warn them from taking corn-brandy or gin, which often acts as 
a poison. They should also not drink any of the white and brown beer sold at 
Hamburgh and other ports, especially if it be sour. The Elbe water is bad, and 
likely to purge; therefore it would be better to use water brought from England, 
and captains are recommended to take in a supply accordingly. 

Sixth Instruction, — Against exposure to wet and cold.— Wei and cold should as 
much as possible be guarded against by warm dry clothing and stout shoes; a thick 
flannel belt or bandage around the stomach and loins is a good defence for sailors; 
when they go to bed, if the shirt is damp or wet, they should change it and put on a 
dry one. They should not stop out at night on shore : many sailors who have been 
drinldng at Hambro' Bar, and lying about on Sunday night, have been seized on 
Monday with cholera, and died in a few hours. 

Seventh Instruction, — Concerning cleanliness and ventilation. — Nothing is of 
greater importance as a protection against cholera than cleanliness and a good 
supply of fresh pure air. It is, therefore, the duty of captains to take all the means 
in their power to improve and keep up the health and strength of their crews who 
are placed under their care and protection. The owners are particularly requested 
on the return of their ships to English ports to see these instructions complied with. 
The forecastle should be frequently cleansed, and the hatches be opened in fine 
W'eather, so as freely to admit the fresh air. The forecastle should be whitewashed. 
To sweeten the ship, bleaching salt or powder (called also chloride of lime), which is 
very cheap, and may be got at any druggist^s, should be mixed with water and poured 
down the pumps ; it should also be sprinkled about the forecastle and in the cabins. 
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Keep the ship as free as possible from hilge-water, using the pumps daily for this 
puipose, because it prevails most when ships are very tight; and open the hatches to 
purify the hold. All the bedding should be kept well dried, and be brought on deck 
in fine weather, and well aired. 

Mark this WEnn-— Cholera is not contagious / so no one need be afraid of 
catching it: there is no danger in waiting on and nursing any one of the crew who 
may unfortunately be attacked. 

The captains of all vessels trading to the port of Hamburgh are hereby informed 
that proper medicine, ready made up for use, and with plain directions, can be pro- 
cured at prime cost of all the shipbrokers and agents for English ships in Hamburgh, 
and they are hereby requested to provide themselves with the same, in order to 
atford all the protection to their crews which the circumstances of the case admit 
Signed by order of the General Board of Health of England, 

Henry Austin, iSecretory. 

October 18, 1848. 


SECTION IV. — INSTRUCTIONS OF THE GENERAL BOARD OP HEALTH TO THE 
SUPERINTENDING INSPECTORS. 

Sir,— On proceeding to the town to which your service is directed you will inquire 
for the list of places required to be made out by the 9th Order, under the Epidemic 
Diseases Prevention Act, where cases of typhus and other epidemic and endemie 
diseases have most frequently occurred. You will seek the assistance of the clergy 
and ministers of religion, who may be able to afford valuable aid in your inquiry, and 
you will also put yourself in communication with the chief medical officers and the 
medical practitioners who, as union surgeons or otherwise, have probably been led 
most frequently into the houses and streets where epidemic diseases have prevailed. 

You will request the superintendent registrar of the district to attend your first 
meeting with the list of the places of epidemic disease; you will also request the 
medical officers to attend at the same time, and also a committee or deputation of 
the petitioners, the surveyor, inspector of nuisances, and the high constable or other 
chief officer of police, to be in attendance upon you ; you will read the Eegistrar- 
GeneraFs Return of the average proportion of deaths from epidemic disease, and also 
the average rates of infantile moi’tality, and also any other such particulars as may 
be in your possession from previous returns with which you will have been furnished, 
viz. — the answers made to the first sanitary inquiry ; also the answers made to the 
inquiries of the Commissioners of Inquiry into the means of Improving the Health of 
Towns ; and state that you are instructed to view the places where epidemic diseases 
have been most rife, and to judge for yourself as to the condition of the houses and 
of what may be done by public measures and the exercise of the powers hy the 
General Board of Health, for the remedy of the evils in question, and for the advan- 
tage of the population. 

You will then ask, if there be any evil, or any place to which any person in the 
meeting wishes you to direct your special attention? If there he, you will take a 
note of it, and endeavour to attend to it as far as it may appear to require it and as 
your time may enable you. 

You will endeavour to confine your first meeting to the hearing of such statements, 
and ascertaining the parties who will give the most trustworthy information. 

If there be any parties opposed to the petitioners, or to the inquiry generally, or to 
proceedings on the ground of expense, the objection will involve references to the 
condition of some places, or to the condition of the town generally ; and you must 
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necessarily suspend your judgment until you have seen with your own eyes. After 
you have done so, you will judge how far it may he necessary to incur the expense or 
delay of a further hearing before you have made your Report, wiieii they will 
see what is proposed to be done, and when it is hoped that their apprehensions will 
be removed, and when, if not, they will have the opportunity of being heard, accord- 
ing to Section 9. You will select the medical or the relieving officers or other 
persons who will guide you to the track of fever cases, and also any town surveyor or 
inspector of nuisances, or officer of police, who may be required to attend you to give 
explanations. 

From what is established in relation to the haunts of typhus and epidemic disease, 
it may be presumed that the list of places of their occiu-rence will have carried you to 
ill-drained and ill-cleansed and filthy places. In these places you will inquire and 
examine as to the state of the water supplies. 

From the inspection of these places you will proceed to the other better-conditioned 
districts, and to the general perambulation of the town, and to the suburbs. 

You will next collect your information as to the soil, subsoil, the beds of clay or 
strata, and the geological condition of the site of the town, its permeability and 
absorbency, and its state as to springs and surplus water, as affecting the state 
of damp, whether of tenements within the town or of lands in the suburbs. 

Having taken a general view of the covered portion of the town, and of the wffiole 
site, it is to be presumed from the known common causes of epidemic disease 
that you will have been ])rought upon ill-drained and ill-cleansed districts, with 
accumulations of filth and cesspools in yards, or in extended cesspools constituted by 
Ill-constructed drains and covered sewers, or by stagnant open ditches which serve as 
sewers, upon houses with damp floors or walls, and upon spaces surcharged with 
moisture. 

You will then have to consider in what way the soil and animal and vegetable 
matter, filth, and refuse may be most rapidly, conveniently, safely, and economically 
removed. 

From trials of works it may be taken as demonstrated that you will find that such 
removal may be best effected by means of impermeable tubular drains, which will 
allow of no escape of noxious gases ; and from their comparative smoothness, and the 
better adaptation of forms and concentration of the stream, will allow of the best 
scour, and consequently the least deposit. 

You will have next to consider the direction of the discharge, which usually need 
not be to the poRution of the nearest stream, hut in the direction of agricultural 
demand and application for the purpose of production ; but in making this provision 
you will consider of the discharge of the drainage into such channels as will not 
pollute the atmosphere of the town, but will yet serve for relief: should the early 
demand for it for agricultural production prove inadequate, the system of impermeable 
tubular drains might convey the refuse of the town through sites surcharged mth 
surface water from the rain-fall on the uncovered spaces, or from springs, and from 
the percolation of upland waters, and thus avoid adding to the noxiousness of the 
emanations from stagnant water charged with the common marsh impurities. 

You will have to consider, together with the means of relief by the conveyance of 
night-soil and other refuse in tubular impermeable drains, the clearance of the table 
site, or natural area of the town, from surplus rain or spring water by means of a 
corresponding, system of permeable agricultural tile-ffiains, and other means, according 
to the position of the land; and you will have to direct your attention to the 
protection of low-lying districts from upland flood waters as well as from the ordinary 
rain-fail. 
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The natural drainage area usually determines itself by the line of watershed from 
the hill-top to the river or stream, dividing the valley or the lines of watershed of a 
natural basin. But where a river dividing a town through the natural drainage area 
on each hank might in an engineering point of view be drained separately, yet this 
would require double, or weaker, or less economical establishments, clashing regu- 
lations and administrations, in parts of the same town, you will find the advantages 
resulting from the principle of administrative consolidation exemplified in a charge 
delivered to a jury at a Court of Sewers at Westminster, by Lord Morpeth. 

You will, however, wheresoever you can, avoid going beyond existing civil boun- 
daries for the sake of time in procedure and on other grounds* In all places where 
there is no corporate body, it vrill he desirable that you should report your views 
upon the best mode of constituting the Local Board in conformity with the pro- 
visions of the Act as to numbers, and the continuance or incorporation of any local 
body.: ■ ' ' ■ 

Considering the superior economy as well as the sanitary advantages of removing, 
as far as may be practicable, all the refuse and filth in a state of suspension in water, 
and the greater efficiency and economy of distributing all such matters as manure in 
the like suspension in water, you will next have to consider of the application 
of existing supplies, or of new supplies of water for these purposes, and also for 
domestic and manufacturing purposes and other uses. 

You will have to consider of the sources of such supply, and of gathering grounds 
or storage grounds, for the collection, storage, and distribution of water for the 
purposes above specified. 

The consideration of the works necessary for these purposes wBl lead to the 
determination of the natural drainage area, and also of the jurisdiction of the 
administrative area within which the several objects above described may he most 
economically and conveniently accomplished. 

You will only go beyond the existing civil boundaries where there is a physical 
necessity for doing so, or where there will be manifest advantage to the occupiers 
and owners of the district included in the new jurisdiction, as well as the owners and 
occupiers within the existing civil jurisdictions. 

Where schemes of local amendment have been proposed in relation to any place, 
you will see and examine the place itself, and make your own notes of what appears 
to be necessary to be done, and of the applicability of established principles of works, 
before you look at any of the schemes and plans of works which may be tendered for 
examination. You will bear in mind that you wdll not he warranted in incurring 
delay and expense in the examination of plans which prim^ fade are erroneous in 
principle or defective in detailed application in respect to the important subject of 
the application of the refuse of the town to agricultural production. It is desirable 
to ascertain and determine to what extent town manure is at present used by the 
farmers near the town ? What is paid for it according to the present methods ? 
What is the expense of hand labour in its collection, and of cartage in its removal? 
and also what is the usual expense of its application as top-dressing? and what is 
the produce from the manure as at present applied ? 

You will inquire as to the state of the adjacent land for the reception of sewerage 
manure as to its permeability from drainage or from the natural condition of the soil 
and sub-soil, and also as to any waste or common land, or public lands held under 
tenures favourable to adaptation as examples of successful cultivation. 

You will endeavour to make known as widely as you can, that every district will 
he protected by the General Board of Health from contributing more than its fair 
share of rates, proportioned as nearly as may he practicable to its share of the advan- 
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tages which it is hoped will be derived from the measures which you will be required 
to prepare. 

The Reports of the Commissioners of Inquiry into the means of Improving the 
Health of Towns shew an extent of expenditure in useless and wasteful works which 
may well justify apprehension as to future expenditure under the same management 
for the same objects. In the present depressed state of many commercial and manu- 
faeturing districts you will probably experience a great dread of any new outlay 
whatsoever. The Legislature, in authorizing a new expenditure, has appointed the 
new Board, whose agent you are for carrying the Act into effect, for the purpose of 
preventing the repetition of the former insufficiency and waste. 

It will be your duty by your Report to allay, as far as may be practicable, un- 
founded apprehension on these heads. 

You will shew the description of works required, and state the charges at which it 
may he confidently pronounced that such works may be executed under a proper 
management. You will allay apprehensions of immediate outlays being required by 
expounding the principle and the equity of the distribution of charges over periods 
of time as sanctioned by the Legislature. 

You win state the weekly charges per house, and the charges per head on the 
population, in order that the annual rental, as well as the immediate outlay which is 
to last for years, may not, as is commonly done, be faHaciously set against the daily 
and weekly convenience and economy. 

You will moreover take care to ascertain and set forth what are really the existing 
charges in respect to which it is hoped the new charges will serve as means of reduc- 
tion; the existing immediate charges of emptying cesspools by hand-labour and cart- 
age; the charges of repairing defective house-drains and cleansing badly constructed 
sewers ; the charges for the construction and repairs of pumps and wells, and of 
tanks and cisterns where supplies of water are only intermittent; the charges of 
fetching, carrying, and distributing water by hand-labour, and the charges of dilapi- 
dations of premises arising from damp and ill-drained foundations. 

It is important to ascertain such existing charges, as a point of departure as well 
as of contrast. One mode of doing this will be by a set of house-to-house queries, 
such as have been distributed by the Metropolitan Commissioners of Sewers, You 
will exercise your discretion as to the distribution of these queries. In order to keep 
them within a manageable extent, you may send them to be answered by the peti- 
tioners, or you may distribute them to the occupiers of different classes of houses. 
You may take a block of houses of each of the chief classes, and after having ascer- 
tained the existing charges in relation to them, set forth the proposed house-drainage 
and other works, and shew in detail the proposed new charges in relation to them. 

You will also advert to the expenses of sickness and mortality. The extent of 
inquiry and exposition on this topic will be entirely at your own discretion. 

In the event of your deciding to hold an adjourned meeting to hear any parties on 
any contested question, you will remind the persons applying, or the rate-payers, of 
the expenses incurred by any delay, and ask from what fund the prosecutors of the 
contested question expect payment ? 

You will bear in mind that your, examination is mainly one as to works, or as to 
engineering appliances for the removal of the evils in question, and you will conduct 
the inquiry according to the best of your judgment for the attainment of the chief 
objects, according to your own professional views and methods of investigation : and 
where you deem it necessary to examine witnesses, it will be inexpedient that you 
should attempt to adopt the technical procedure of the Courts of Law, which is 
instituted for the determination of questions as to matters of fact with a view to 
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legal decisions. You alone mil be responsible for all inquiries, and you only are 
autborized to conduct tbem. The statute gives no authority for incurring the 
expense of hearing counsel and attorneys. It will be your duty to put such questions 
to witnesses as may appear to be necessary. If any one wishes any questions to be 
put on points to be investigated, you will request Mm to hand them to you in 
writing, and you will judge of their relevancy and direct the inquiry. You will bear 
in mind, and state to parties, if requisite, the inutility and grievous expense of former 
investigations as to the necessary or comparative merits of engineering works, when 
conducted according to the methods adhered to by Courts of Law oh the trial of 
more definite questions of fact which are put in issue in those Courts. 

You will also point out the privilege of appeal secured by the Legislature to parties 
interested by the provision, that within a certain time, being not less than the 
time of such publication and deposit, written statements may he forwarded to the 
Board in respect to any matter contained in or omitted from the said Beport, or 
further Beport or any amendment proposed to be made therein." You will give the 
assurance that the General Board will, to the best of their power, pay attention to 
all written and deliberate appeals on a matter in which their only desire and interest 
must be to see that no just cause of dissatisfaction prevails. 

You will bear in mind, as a representative of the General Board, the general 
nature of its objects and position as collected from the tenor and spirit of the pro- 
visions of the Act, first, as an agency for the removal of those evils in the repression 
of which the public at large have an interest ; next, as an authority of appeal and 
adjudication between rival or conflicting local interests ; thirdly, as a security in the 
distribution of charges, for the protection of minorities and absentees against wasteful 
works or undue charges in respect to them; and, fourthly, as a means of communi- 
cating to each locality for its guidance the principles deduced from the experience of 
all other places from which information may be obtainable. 

In this last view in respect to works, each of you will be expected to note and com- 
municate to each other reciprocally in detail whatsoever information you may obtain. 

You will keep diaries of your proceedings and accounts of your expenses, and 
transmit them weekly to the General Board in the forms provided. 

In the diaries you will note any facts or observations that may occur to you, and 
that you may not deem of importance enough for a separate letter. 

The Board will regard your labours with great interest, and will he glad to hear 
from you upon all matters that may illustrate the progress of the measure. 

The Board will in general refer to you any correspondence relating to the places 
with which you may be charged. 

Signed by order of the Board, 

Henry XvsriNf Secretary. 

Gwydyr House, Whitehall. 


SAP. — The article * Attack,^ given in the first volume, does not profess to go 
beyond the second parallel ; the second volume explains the mode of advancing by 
Mining ; and it is now proposed to complete the subject of Siege Operations by 
explaining the Advance by Sap, which closes the Attack of Places, previous to the 
assault or to the surrender. 

A short extract, however, from Vauban is inserted, to show the degree of perfection 
to which that celebrated Engineer brought the Art of Attack : 

La sape faisant une partie considerable de la tranchee, j^estime qu’il est a propos 
d^instruire sa conduite avant que de passer outre. 

Nous eniendons par sape, la t&te d'une tranchee poussee pied a pied, qui chemine 
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de^ia ^gaUmmt. Qmiqu^eUe amnce peu m apparmice, eHe fait hmucoup ie 

ehemin m effet, paree gu'etle marche toujours. C'est m metier qui demande nm 
e^ece d^apprentissage pour s*g rendre haUk, auquel on est Mmt6t fait quand le 
courage et le dmr du gain mnt de la partie. 

Void comme elle se conduit. 

Vouvrage etant tracdf et les sapmrs imtmits du ehemin qu^ik doinent tmir^ 
on commence par faire garnir la idle de gaUm^'i fmeims, sacs a terre^ fourches 
de ferf crocSf gros mailletSj manteletSf etc* 

Cela faifj on perce la trancMe par une ouverture que les sapeurs font dans 
Xepaissmr de son parapet yd Vendroit qui Imr est montr£ 

qmi U sapeur qui mme la tdte, commence par faire place pour son premier 
PI. I. et II. gabion quHl pose sur son assiette, et r arrange de la mazUf du croc et de la four die du 

Spe^pldne*^^ swietfo? quHl pent, posant le desms dessousy afn que la points des piquets des gabiom 

debordant le sommetypuisse servir d tenir les fascines dont on le charge, Cda fdUy 
il le rempUt de terre en la jetant de biais en avantyet se tenant un pm en m'zere 
pour ne pas se d£eouvrir, A mesure quHl remplit le premier gabion^ tl frappe 
de temps en temps de son maillei ou de sa pioche conire^ pour faire mitasser la 
terre, . • ■ ■" 

Ce premier rempliyil en pose un deuxieme sur le meme alignementt quHl arrange et 
remplit comme le precedent ; et apreSyUn troisieme avec les mdmes precautmiSy quHl 
remplit de mhne; apres ce iromeme, un quatriemey se tenant tmjours d comert 
et courbd derriere cet£X qui sont rempUs, ce qui se continue toujours de la sorte ; mais 
parce que les joints des gabions sont fort danger eux arant que la sape soil acheveey il 
lesfaudra fermer de deiix d trois sacs d terre posh bout sur bout mr chaque jointy 
que le deuxieme sapeur arrange, apres que le iroisieme et le quatrieme les lui ont fait 
passer. 

An mngtieme tm trmtieme gabion pose et rempU, on reprend les sacs de la queue 
pour les reposer en amnty afin de les ^argner : de sorte qu\ne centaine de sacs 
cL terre bien mhiagesy pement mffire d conduire une sape depuis le commencement du 
sidgejusqu^d la jin, 

A Vegard de V excavation de la sape, voici comme elle se doit conduire. 

Tache du premier Le premier sapeur creuse 1 pied et | de large sur aut ant de profondeur, laissanf une 

sapeur, berme^ de 6 pouces au pied du gabion, et talutant un pm du mdme c6i£ 

Du deuxi&me. Le deuxieme elargit de 6 pouces et approfondit d^autant s ce qui fait 2 pieds 
de large et autant de profondmr, 

Dutroxsi&mc. Le troisieme creuse 6 pouces de plus et ilargit d'autres ^ pouces $ ce qui donne 
2 pieds ^ de large et autant de profondeur, 

Du quatri&me. Le quatrieme crmse encore un demi-pied et dlargit d! autant, fait les talus et rdduit 
la sape a S pieds de prof ondeur et autant de large par le haul, revmiant a 2 et i sur 
le fond, les ialm paris ; qui est la mesure que nous demandom pour la rendre 
Emploi des parfaite, Reste quatre hommes a employer de la meme escouade, qui, se tenant 
restans^dT”^^^ ^ rcpos derrihre les autres, font router les gabions et fascines aux quatre de la iete, 
Pescouade. ajin que les premiers sapeurs les trouvent sous la main; Us Imr font aussi glisser des 

fascines pour garnir le dessus des gabions quand Us sont pleins ; savoir deux sur 
les hords et une dans le milieu, qu'on a soin de faire entrer dans les piquets pointus des 
gabions, qui surmontent le sommet, afin de les tenir ferme ; aprh quoi on les charge 
de terre, L* excavation de ces trois pieds de prof ondeur, foumit les terres necessaires 
d remplir les gabiom, et une masse de parapet formant un talus d terre courante 
du c6fe de la place, rempli de haut en bos, qui ne pmt plus dtre pered que par 
le canon, 

* Atyourd’hui un pied, mfinie un pied et deini dans Ics terres legeres, 


Tfl.che du premier 
sapeur, 

Du deuxi&me. 


Du quatri&me. 


Emploi des 
quatre homines 
restans de 
Pescouade. 



I Quand ks qimtre premiers sapeurs sent las et qwHls ont immUle me heure 

ou deux de for ce^ its appellefit les quatre autreSj lesquels prement la place des 

I premiers et tramiltent de mime forcey jusqu^ a ce que la lassitude les oblige a rappeler 

ji les autres ; observant que celui qui a mene la iitCy prend la queue des quatre, a 

( la premiere reprise du travail} car cliacund^euw doit mener la tHe ^ son tour, 
et poser une par eille qmntiti de gabions, afin d^iguler lepiril ei le travail* JDe cette 
facon, on fait une grande diligence a la continue, quand la sape est Men fowmie. 

' Au surplus, on marclie d la sape non-smlement en avant, mats aussi d cite, mr les 

i prolongemem de la droite et de la gauche; et pour V ordinaire, on voU des quatre, 
cinq et six sapes dans une seule tranchee, qui toutes cheminent d leur fin* 

Dans le mime temps celui qui dirige les sapeurs doit avoir soin de fairs servir des 
y gabions et fascines d la tite des sapes; ce qui se fait par Pinterventiorbde celui qui 

I CQmma7ide la tranehie, qui lui fait fournir le monde dont il a hesoin. 

Lemoyen d'itre Men servi serait de donner six deniers de chaque fascine portee de 
la queue des tranchees d la tite des sapes, surAe^champ d la fin des voyages, ou dune 
certaine quantiti; chaque soldat en pent aisement porter frois, et fairs trots ou 
quatre voyages* Jl faudrait par la mime raison donner un sou des gabions; en 
observant cette petite Uheralite, les sapes seraient toujours Men et aisement servies. 

t iil’ou ne pent XI Qst encore d remarquer que quand on a affaire d des ennemis unpeu iveilles, its 
.ou s’en dedom- canonnent la tele des sapes avant que votre canon tire, de mamere que souvent on est 

5Stf oblige de les abandonner; mats si on le fait de jour, on s^en dedommage pendant 

! ' la nuit.* 

f * ' 

A mesure que la sape avance, on fait garnir cells qui est faite par les travailleurs de la 

I tranches qui Vilargissent, jusqdd ce qu’elle ait dix d douze pieds de large sur trois de 

r profondeur ; pour lore elk change de mm, et s’appeUe tranchee, si elk sert de chemln 
pour alter d la place; mats on la nowme place d’armes, si elk hi fait face, et qdelle 
soit disposie pour y q)oser des troupes. 

'^rix de la sape. Le prix plus raisonnable de la sape, doit itre de 

sols la toise courante au commencement, savoir tout le long du travail de la 
seconds place dartnes, et ce qui s'en trouve entre elk et la ttmsieme. 

I 2 Uv. 10 s. pour la iroisieme place darmes et le travail jusqd au pied du glacis. 

l,’. $ Uv. pour cells qui se fait sur k plat du glacis. 

I, Z liv. 10 s, pour cells qd on fait sur le haut du chemin convert, 

h liv. pour celle qui mitre dans ledit chemin convert. 

1 «‘ 10 Uv. pour celle qd on fait au passage des fosses secs, 

20liv.sHlssontplemsdeau. 

Et quand elk sera double, comme cela arrive quelquefois, %l faudra la payer double, 
selon les endroits od on la f era. A Vegard de cede guise fera dans les breches des 
bastions et demiAunes, elle da point de prix r^gU, pares gd elk est exposes d tout ce 
que la place a de plus dangereux. Cksf pourquoi selon k peril auquel ils seront 
exqmses, il faudra donner ce qd on jugera d propos. 

^ Le toise se doit fairs qmr un seul ingenieur prepose pour cela a chacune des aitaques. 

Le memefait k compile des brigades en presence des officiers et sergem, qui ont soin 
apres defaire distribuer aux escouades ce qui kur revieni; dest pour qmiiU doivrnt 
I contrdler tous les jours ce que chacime aura fait dowrage, de concert aveeVingdmeur 

Jketenue sur le Qu/i fera ks toish, sur le prix desquelsje suis davis de retenir un dixieme pour les 
I prix des tois^s. officiers et sergens, afin de les rendre plus exacts d relever et fairs servir ks sapes. 

I En observant cet ordre, comme tous seront interessds d ce travail, il ne faut pas 

{■ doufer qdil ne se piousse avec touts la diligence possibk, car tout le monde vent 

gagner. 

* En posant quciques gabions h d<5couvert dans Ic temps que le feu est lent. 


I prix des tois^Js. 
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Ju mr^lits Vingmieur qui les toiseraf h doit fair e touUs les 24 keureSf et toujours 
lamer des marques sensibles d la fin de chaque toise^ et tenir registre dm tout, afin 
que quand on ismidra le verifier, on le puissefaire sans confusion* 

Je consider e le dianeme retenu sur le travail des sapeurs comme V argent le mieuos 
employe de tout, si les ofilciers et sergens font Men leur devoir. 

Si ces demiers sont doubles des ofiiciers, la moitid du dixieme doit' Tester pour eux ; 
Progr^s de la sHls sont egaux, les ofiiciers en doivent avoir les deux tiers, et les sergens f autre. Les 
sapeurs ne laisseront pas de faire un gain considerable, ear suppose la sape Men menee, 
parSllle eUa^Se qu*il n*y ait pas de temps perdu, ils doivent faire toises toutes les vingt-quatre 


parSllle et k 3e qu^U n^y ait pas de temps perdu, ils doivent faire toises toutes les vingt-quatre 
heures.* 

Or 80 toises a 2 Mv. la toise, font 160 Mv., dok dtant le dixieme, montant a 
16 liv.,restera pmr les sapeurs Hi Uv. qui, disMbmesd24Lhommes,fo7it 6 liv. pour 
cTiacun, qui est un gain raisonnable ; ils ne gagneront guhre davantage dans le courant 
du siege, Men que k prix de la sape augmente a mernre quHls approchent de la place, 
parce que le peril augmente aussi, et quHl est s4r que plus ils en approckeront, moins 
d^omrageilsferont. 

On a accoutume de leur payer quelque chose de plus que k prix de la toise courante 
pour chaque coupure quHls font dans la tranchee, par la raison qu^il y a la plus 
douvrage qdailkurs; cela se peut reduire h doubler k prix de la premiere ioise, et 
rienplus. 

Au reste,ily a une chose a quoi ces ofiiciers doivent Men prendre garde, d est que 
EmpScher les souvenf les sapeurs s^emvrent d la t^te de leur sape; apres quoi ils se font tuer comma 
wer^^a^tfite^s bates, sans prendre garde d ce quHls font; dest de quoi ilfaut ks empdcher, en ne 

sapes. leur permettant pas dy porter du vin guHl ne soit mile de beaucoup dean. 

Comme rienn^ est plus convenable d kt sHrete, diligence et bonne f agon des iranchees, 
que cette mamere den conduire les tites et de les ebaucher,riend est aussi plus neces- 
saire que den regler la conduite ^ car outre que la diligence iy tromera, il est certain 
qdon prioiendra beaucoup de friponneries qui s*y font par la pricipiiation confuse 
avec laquelle elks se conduisent, qui font qu'il y a toujours de Vembrouillement, et 
quelqdun qui enprofite. 


♦ Partie h la sape pleine, et partie h, la sape volante, posant de nuit, ddcouvert, quelques 
gabions ; car, en cbeminant h, la sape pleine, continbxnent, les sapeurs ne peuvent faire que 40 toises 
en vingt-quatre beures, b. raison de 10 pieds, quatre gabions, par heure. (^Manuel pratique du 
Sapeur pour les travaux de siege, par le capitaine du g^nie Villeneuve, aide-de-camp de M, le 
lieutenant-gfin^ral, vicomte Rogniat; Paris, 1828.) Vauban ne suppose pas en effet Pexdcution de 
la sape pleine bien r^guUfere, ni sa vitesse uniforme, comme le prouvent les passages suivans tir<is du 
M^moire de 1669, pour servir d’lmtruction dans la conduiie des sieges, “ L’ingfoieur pourra 
quelquefois prendre son temps, pendant Pobscuritd de la nuit, pour faire poser les gabions qu’ii 
croira pouvoir ^tre remplis pendant le jour, et cela par deux outrois hommes armds, pris de la demi- 
brigade de repos, sans que celle qui travaille discontinue son ouvrage. Get expedient est praticable 
par toute la traneb^e, mais plus utilement b celles qui cheminent en avant qu’aux places d’armes. 

** Par les dpreuves que j’en ai faites, une sape peut cbeminer 96 toises en 24 beures, mais b cause 
des sorties, de Pembarras et du p^ril qu’il y aura b la tfite, j^estime qu’elle n*en fera gubre plus de 
60.— II est b remarquer que je ne parle ici que de la seule sape qui cbemine en avant, et non de celles 
qui vont de cdt4. Car si on vent y comprendre celles qui s’4tendront b droite et b gauche, comme 
les places d’armes, batteries et redoutes, le cbemin en redoublera pour le moins de moiti^, c*est-b- 
dire, qu’au lieu de 60 toises par chaque garde, on en pourra bien compter 120 et mSme jusqu’b 150, 
parce qu*il y aura des temps, ob pour une sape qui marchera en avant, il y en aura des 2 ou 3 qui 
s’^tendront par les c6t€s ; or, 150 toises valent 450 pas communs, on ne trouvera point de si^ge tant 
soit pen d^fendu ob Pon en ait fait 200, une nuit portant P autre. J’ai vu des sieges ob on cherainait 
presque toujours avec la mSme vitesse, et d’autres, ob on n’avanjait pas 50 pas par nuit, quand on 
^tait T^voch.e»*^^TraU4 des Sieges et de VAtiaque des Places. 
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The approaches may he carried on hy flying sap seventy or eighty yards in front 
of the second parallel, that is, till they arrive within range of small arms from the 
covered-way, after which, an operation by which the trenches can be constructed 
under musketry-fire is resorted to. It is called the and is carried on as follows : 
a large gabion, or sap-rolkryux feet long and four in diameter, is placed across the 
head of the trench, one end of it touching the parapet. It is then rolled forward in 
the direction of the trench far enough to admit of a gabion being placed behind it, 
this being the first of the intended row of gabions for the parapet of the new trench. 
A sapper then commences excavating a trench, one foot and a half wide and deep, 
leaving a berm of one foot between it and the gabions, and throws the earth into the 
gabion : he then pushes on the sap-roller by means of two instruments called 
forkSf and places another gabion to continue the row. A sap fagot, or two sand-bags 
on end, are placed at the junction of the circumferences of two gabions, that part 
being less secure than the rest. The sapper then continues the trench, working on 
his knees to keep himself under cover, and throws the earth into the gabions. By 
repeating this operation, he continues the trench and parapet in the required 
directiorL A second sapper, also on his knees, works behind the first, as near to 
him as he can use his tools conveniently, widening the trench a foot and a half. 
A third sapper deepens the work of the second a foot and a half, and a fourth 
widens the whole 10 inches, all throwing the earth into and over the gabions to form 
a parapet. As the sap advances, three rows of fascines are placed on the gabions to 
increase tbe height of the parapet, and the trench is widened to its proper dimensions 
by a working party of infantry. A brigade of sappers is told otf to each sap-bead. 
■When the first sapper has filled two gabions and placed a third, they change places, 
the first taking the rearmost place, and each of the other three taking the xdace of 
the one in front of him. The four sappers not working hand up materials to the 
others, and the two demi-brigades relieve each other every hour. The rate at which 
the sap wall advance must always he uncertain, as it will depend much on the 
musketry-fire of the garilson being well or ill sustained. In order, however, to 
calculate the comparative duration of sieges, it may be assumed at about 10 feet an 
hour. The Double Sap is used when the approaches can no longer be made by zig- 
zags ; that is, when the angles the zig-zags make with each other are less than 30®, 
or when 100 yards of zig-zag do not carry the approaches 32 yards in advance. It 
consists of two single saps carried on side by side directly tow'ards the place, forming 
parapets on both sides, the gabions being placed 12 feet apart, and the interval 
between the sap-rollers being covered by a third one, four feet in length. If snch a 
trench were continued beyond a very short distance, it is evident that the command 
of tbe place would enable the garrison to see into it: to obviate this, returns are 
made by single sap at right angles to the double sap, by which means traverses are 
left at intervals to prevent the trench being enfiladed; the length of the intervals 
will of course depend on the command of the place. The double sap may be 
calculated to advance at the rate of 30 yards in the twenty-four hours. The Half 
Double Sap is proposed by the French Engineers to be used in constructing the 
lodgements on the crest of the glacis. The only difference between it and the single 
sap is, that the reverse side is covered by a row of gabions filled with sand-bags. 
This sap is carried on parallel to the crest of the covered-way, while the traverses 
are formed by single saps at right angles to it. As the traverses are made good, the 

* By Capt. O’Brien, Royal Artillery, Professor of Fortification. 
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gabions filled with sand-bags are removed, and the trench widened to Its proper 
dimensions. 

When the approaches come within easy musket range of the salients of the 
Demi-parallels. covered-w^ay, short parallels, 100 to 150 yards in length, are extended to the right 
and left from the angles of the zig-zags, for the purpose of posting firing parties of 
infantry to oppose the musketry-fire of the garrison. These are called J>emU 
parallels: they serve also to support the head of the attack when more than 
lialfway from the second parallel to the place, and their extremities afford good 
positions for Cohorns and royal mortars which throw shells into the covered-way 
with very destructive effect. To protect the infantry firing from the trenches, the 
parapets are raised hy placing sand-bags on them so arranged as to leave loopholes 
at the proper intervals. During the close attack, the besieger's success will greatly 
depend on keeping down the musketry-fire of the fortress. To this end, every part 
of the trenches which admits of it should he made available for musketry, so that, if 
possible, such an overwhelming fire may be brought against the garrison as to prevent 
them even pointing a musket over their parapets. When the approaches anive near 
the foot of the glacis, or within 80 or 90 yards of the salients of the covered-way, 
trenches are again Carried out to the right and left, which, being extended till they 
meet, form a Third Parallel, This is necessary to connect the heads of the attack, 
and to establish a secure position where the besieger may collect materials and make 
other preparations for attacking the covered-way. The besieger's operations being 
now confined to the salients on which he has been approaching, the third parallel 
need not he extended on either flank much beyond them. 

The operation of forming the lodgements on the crest of the glacis is termed 
Croiming the Covered^Way, This is sometimes done hy assault, but only when the 
defences have been so injured or the garrison so weak and dispirited as to render 
success highly probable. Against a strong and spirited garrison, such efforts to 
hasten the progress of the siege are generally attended with defeat and disaster, and 
after sacrificing many valuable lives in an unsuccessful assault, the besieger has to 
resort to the slower but sure process of systematic approach. When it is decided to 
crown the covered-w’ay by assault, a quantity of materials sufficient to form the 
lodgements is collected on the reverse of the third parallel, and portions of it on both 
sides of the capital are formed in steps. 

When every thing is ready, the storming party rush into the covered-way, and 
drive its defenders into the re-entering places of arms. They are closely followed by 
a working party, who trace the lodgements, as well as the communications to the 
parallel, hy flying sap, and cover themselves as quickly as possible. When sutBcient 
cover is obtained, the storming party retire into the lodgements, which need not 
be extended further than necessary to insure possession of the covered-way. When 
it is intended to proceed by systematic approach, two trenches are broken out by sap 
from the third parallel, one on each side of the capital, about 40 yards from it. 
These are directed inwards, to meet on the capital about 30 yards from the parallel^ 
forming what is called the Circular Portion, Trom this a double sap is carried on 
the capital to within about 30 yards of the salient, where saps are pushed to 
the right and left along the slope of the glacis, about 20 yards beyond the pro- 
longations of the crests of the covered-way, extending somewhat inwards, so as 
to enclose the salient, and terminating in a return at an obtuse angle, about 
8 or 10 yards in length. The parapets of these returns and of about 15 yards 
of the trench at each end are then raised high enough to command the salient place 
of arms. From these high parapets, which are called Trench the besieger's 

musketry soon force the garrison to evacuate the salient place of arms. A double 
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sap on tlie capital, or two single saps from tlie inner ends of the trench cavaliers, are 
then pushed forwards to within six yards of the crest of the glacis, where the 
lodgements are commenced. 

Though the principles observed in the former part of the attack are adhered 
to during the subsequent operations, yet their details will vary considerably when 
applied to fortifications of different constructions. Those, however, who clearly 
understand the attack of one kind of fortification, will have little difficulty in 
comprehending the modifications applicable to the other. We will therefore select 
as an example a large polygon of the French Modern System, which may he 
considered the ordinary hastioned system in its most improved form. From the 
great saliency of the ravelins, a besieger must take two of them before he can 
reach a bastion. We will therefore suppose our attack to have been carried as far 
as the salient place of arms of two ravelins, it being the hesieger^s intention to 
penetrate to the bastion between them. 

While the approaches are made from the third parallel on the two ravelins, 
a double sap is pushed forward on the capital of the bastion, and a fourth parallel 
is constructed to connect it with the trench cavaliers. The lodgement on the glacis 
of each ravelin consists of a trench, commenced by double or half- double saps, 
parallel to the crest, and at a distance of six yards from it, so as to leave a 
sufficient parapet, to protect which from enfilade and reverse fire from the face 
of the bastion and the opposite ravelin, traverses are made by single sap at right 
angles to it. The lodgement on each flank of the attack being extended as far as the 
prolongation of the face of the ravelin, is converted into a battery to breach the face 
of the bastion through the opening afforded by the ditch of the ravelin. The 
lodgements on the other side are extended as far as the third traverses of the covered- 
way, the double sap is continued on the capital of the bastion as far as the foot of 
its glacis, and a fifth parallel is constructed, connecting it with the lodgements on 
either side, which are then converted into batteries to breach the ravelin. While 
these breaching batteries are constructing, the besieger commences his descent into 
Descent into the the dUck of each ravelin, by means of a great gallery of a mine extending from the 
lodgement to the bottom of the ditch. The gallery of descent may be on either side 
of the breaching battery, but it is better to construct it on the side next the salient, 
as the ascent of the breach will then be better covered from the fire of the bastion. 
It should never have less than three feet of earth above its roof ; its slope should not 
be steeper than one in four, and should be so regulated as to reach the bottom of the 
ditch, when dry, three feet below its surface, to meet the bottom of the trench 
crossing it. It should enter a wet ditch a foot or two above the level of the water. 
It will often occur, particularly with wet ditches, that from the inconsiderable height 
of the counterscarp, the gallery of descent will not have sufficient earth over its roof 
when passing under the covered-way ; in that case it should, if possible, he carried, 
under a traverse, and the passage round the traverse filled up with earth or fascines. 
Another mode of descending into a ditch is to drive a gallery from the lodgement on 
the glacis to the back of the counterscarp revetment, and there lodge a charge 
of powder to breach it. This is called blowing in the counterscarp. The breach 
thus made will form a ramp into the ditch, to which a communication may be made 
from the lodgement on the glacis. 

When the ditch is dry, a passage across it is effected simply by means of a trench 
made by sap, extending from the opening of the gallery to the foot of the breach, 
the flank defences being subdued by the battery on the crest of the salient place of 
arms, assisted by musketry and vertical fire. After the breach has been made 
practicable, the fire of the breaching battery may he employed to drive the garrison 
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from tlie summit of the breach, or to destroy a parapet wall or escarp gallery, should 
such exist on either side of the breach from whence the garrison might oppose the 
passage with musketry. The mode of passing a wet ditch will depend on cirenm- 
stances. When the water is stagnant, a passage may he made without much 
difficulty, by constructing a causeway of fascines, which should be loaded with 
stones to make them sink, and a parapet of the same material. The fascines should 
be passed from hand to hand by men stationed in the gaUery for the purpose. 
Much time would be saved by constructing two galleries of descent, as was done by 
the French at the siege of Antwerp in 1832, and making use of one of them to build 
the parapet, and the other the road. When a current of water flows through the 
ditch of a fortress, the difficulty of passing it is very great ; and if the stream he deep 
and rapid, or the garrison have much command of water, so as to be able to empty 
and fill the ditch at pleasure, the difficulties are almost insurmountable- The passage 
must he made either by constructing a causeway sufficiently strong and high to retain 
the water till it finds vent through other channels, or with openings to let the water 
through ; or by means of a floating bridge or raft. The former mode must always be 
impracticable, unless the height of water to he retained is inconsiderable, in which 
case a dam might he made with loaded fascines and sand-hags, and openings might he 
left in the lower part of it for the passage of water, by sinking a frame-work of wood, 
or casks and large gabions, with their axes in the direction of the current. According 
to the opinion of Vauhan, “ there is no other mode of passing which can be depended 
upon ; for to employ trestles, flying bridges, or rafts, it would he impossible to work 
at them under cover, and there would be found neither security, possibility, nor 
utility, in their construction.'' * Cormontaigne, however, describes the construction 
of a floating bridge of fascines, which was employed with perfect success at the siege 
of Philipshurg in 1734. It consisted of fascines, laid alternately, crossing each other 
wuth hurdles between, and fastened together by pickets ; its width was 48 feet at 
bottom, and its thickness 6 feet, with a parapet formed by a double row of gabions, 
with three or four rows of fascines on them, covered with fresh raw hides, to prevent 
their being burnt. Two such bridges were constructed in six days, across ditches 
20 toises wide, in which there was from 12 to 15 feet of water, with a loss of not 
more than twenty men at each bridge. The current, however, could not have been 
rapid, as Philipshurg is situated in a low marshy country. It has been proposed to 
strengthen a fascine bridge by laying several rows of beams in it lengthways, with 
pickets, four or five feet long, and pointed at each end, passing through them at 
intervals of about four feet. At the siege of Freibonrg in 1713, by the Irench under 
Marshal Yillars, owing to the garrison possessing great command of water, the 
besiegers found much difficulty in effecting the passage, and after thirteen days' work, 
with a loss of more than 100 men per day, they wmuld have failed altogether had not 
IMarshal Villars contrived to divert the waters of the Thersein^ which flowed through 
the town, into another channel. 

Marshal Vauhan's mode of gaining possession of a breach is, in Sir John Jones's 
opinion, ** so simple, so bloodless, and forms such an advantageous contrast with the 
open assaults at the sieges detailed in his work, that every one must regret the 
inability of the army to have followed the same mode of proceeding,"t It is, 
therefore, given as translated from the * Traite des Sieges,* 

Preparatory to making the lodgement a great quantity of materials must he pro- 
vided, such as gabions, fascines, and sand-bags, and also a number of intrenching 


* Vauban’s* Traits des Si&ges,’ edited by Colonel Augoyat, p. 157* 
t Jones’s Sieges, vol. ii. p. 372. 
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tools ; which should be carried as far forward as possible, without encumbering the 
trendies, and piled on the reverse of them. Care must be taken that all the lodge- 
ments from which it is possible to fire on the part to be attacked, are in a perfect 
state, and that the batteries of cannon, mortars, and pierriers, arc in readiness to 
open ; and the Ofiicers commanding in the batteries and lodgements should have it 
fully exjjlained to them on the spot, how they are to act according to the signals 
made.. ■ ■ ■ ■ 

“ The signal may be from a flag elevated on the lodgement of the covered-way, at 
such spot as shall be seen from all the batteries and lodgements. Every thing being 
ready, the infantry will place their muskets through the sand-bags laid for their pro- 
tection on the top of the parapets, and every one will await in silence the signal to 
open his fire by the flag being hoisted, and to cease firing on its being lowered. 

Tims prepared, two or three sappers will ascend the breach — not up the centre, 
but on its right and left, next the end of the broken wall, where cover is usually found 
between the part of the revetment which remains standing and that which has been 
beaten down. The two or three sappers will lodge themselves in these hollows, 
throwing the rubbish down, but working upw^ards, and will procure cover for two or 
three other sappers, who will be sent to their assistance, the whole being prepared to 
leave their work on any advance of the enemy. Should that occur, as soon as the 
sappers are off the breach the signal is made, and all the batteries and lodgements 
instantly open a heavy fire on the enemy, who cannot remain under it, but will 
quickly disperse. As soon as that is perceived the flag must be lowered, and the 
sappers again sent forward, who, resuming their work, will push it forward as much 
as possible ; again abandoning it, however, whenever the enemy make their appear- 
ance, which may occur a second and even a third time. Each time, however, that 
they do come forward, all the lodgements and batteries, even those of the covered- 
way, must resume their fire, which cannot fail to drive back the enemy, and give 
opportunity to establish the lodgement. It will not probably be till the first or second 
time of returning that the garrison will spring their mines (if there be any), and 
which may be considered an infallible sign that they give up the work. These mines 
are unlikely to be attended with any great effect, for they may be sprung at a moment 
when the workmen are not on the breach ; or they may have been formed under the 
ridge, where the sappers do not work, or at worst can only destroy three or four men. 
lu the mean time the sappers will have prepared some cover in the excavation, which 
when completely ready, and not till then, must be occupied by small detachments ; 
but as soon as the garrison abandon the work, the lodgement must be made openly in 
the breach, and be well secured along the whole excavation, hut not beyond it, 
Afterwards the work will be extended to the right and left along the rampart by saps, 
forming a portion of a circle which will occupy all the terrcplein of its flanked angle : 
from thence it will be carried along the two faces of the work till every thing is duly 
prepared to force the intrenchment at the gorge.'^ 

When it is decided to carry a breach by open assault, a heavy fire is directed on 
its summit and the neighbouring defences, to force the garrison to retire from them. 
The storming party, which should be of considerable strength, then rush up the 
breach, followed by a working party with gabions, who trace the lodgement by flying 
sap into which the storming party retire when sufficient cover is obtained. “ Daylight 
is certainly the best time for storming works, when the troops can advance under 
cover to the breach or point of escalade, or have the support of a powerful artillery. 
But when the garrison have preserved an extensive front of fire, and the trendies 
have not been pushed very forward, to stoi’ni in daylight can be seldom advisable, as 
the troops would most frequently suffer so much in advancing as to be disabled from 
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any serious effort when arrived at thebreacli. The most preferable time for such 
open advances is at the moment of day-break. In the dark, the troops are liable to 
imaginary terrors, and being concealed from the view of their officers, the bravest 
only do their duty. When it is decided to assault a place immediately before day- 
brealc, the utmost attention should be given on the previous morning to ascertain the 
exact moment of its becoming light ; and the most energetic and decided measures 
must he taken to insure the columns advancing at the instant fixed upon, as it will 
he found equally prejudicial to their success to be too soon as to be too late/^ * 

Of the various methods by which the attack may he carried forward against the 
modem ravelin and redoubt, the following appears as reasonable as any. It may 
here be observed, that the escarps of redoubts and retrenchments are, under ordinary 
circumstances, much more easily breached by mine than by guns, for their ditches 
being generally narrow, and flank defences not formidable, the miner is easily 
attached ; whereas the operation of arming a breaching battery in a narrow outwork 
is one of extreme difficulty. 

The lodgement in the ravelin is extended inwards by cutting small zig-zag trenches 
in the thickness of the parapet, communicating with trenches across the terreplein, 
which are occupied by musketry to oppose that of the redoubt. If the garrison 
should be able to maintain a fire of artillery from the face of the bastion for the 
defence of the ditch of the redoubt, it may be necessary, before attempting a passage, 
to convert part of this lodgement into a counter-battery to subdue their fire. In the 
mean time a zig-zag trench in the ditch of the ravelin is carried further in, to the 
escarp, and two galleries are commenced to ascend into the ditch of the redoubt, the 
outer one being a great gallery, and the other one a common gallery. When this last 
breaks through the counterscarp, a trench being carried across the ditch will enable 
the besieger to reach the escarp and breach it by a mine. By the time the mine is 
ready to be fired, the great gallery will break through, and afford a passage to a 
storming party who may assault the breach under cover of a fire of musketry from 
the lodgements on the ravelin. Instead of continuing a gallery from the ditch of the 
ravelin to that of the redoubt, the besieger's miner might stop halfway, and lodge a 
charge sufficient to overthrow both revetments, making a breach right through the 
ravelin, affording an easy passage to the ditch of the redoubt, and by filling up a por- 
tion of that ditch with rubbish, enable the besieger to cross it more easily. 

When the besieger gains possession of the redoubt, the garrison must abandon the 
coupures of the ravelin, otherwise their retreat would he cut off. The besieger may 
then, by a zig-zag in the ditch of the redoubt, reach the escai'p of the coupure, breach 
it by a mine, and effect a lodgement on it. From thence he takes the redoubt in the 
re-entering place of arms in reverse, forcing the garrison immediately to retire from, 
it. The lodgement on the glacis of the ravelin is then extended inwards to the 
re-entering place of arms, the double sap is pushed forwards on the capital of the bas- 
tion, and lodgements effected on the crest of its glacis, which are converted into 
counter-batteries to assist in subduing the fire of the flanks. The ditches of the 
redoubts in the re-entering places of arms being now without flank defence, the 
besieger may with little difficulty breach their escarps and counterscarps by mines, 
and make lodgements in them, which he converts into batteries to extend the breaches 
in the bastion. From the ditches of the redoubts be gets into those of the ravelin, 
from whence he commences the passage of the main ditch. This and the ascent of 
the breach are made in the mode already described, and a lodgement is thus effected 
on the terreplein of the bastion. Further operations would depend on the nature of 
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the retrenchment. If it should have a high well-flanhed escarp, it might be necessary 
to breach it by a mine or battering-guns, as before ; if its profile were that of a field- 
work, it might be stormed by filling up its ditch with fascines or bags of hay or wool, 
or it might in either case he escaladed. 

It is a generally admitted fact that no comhination of defensive works has yet been 
devised capable of resisting, for an unlimited period of time, an attack carried on in 
the mode above described. The site of a fortress may have natural advantages which 
render it impregnable ; but when none such exist, the utmost strength that can be 
conferred can but delay a besieger’s success, if properly provided with the means of 
carrying on a siege. Nor is this difficult to account for, when the advantages are 
considered which besiegers in general possess, and of which it seems impossible under 
ordinary circumstances to deprive them. Their artillery have all the advantage of 
position, as they may occupy.a wide space, wdiile their fire converges on the place, 
the artilleiy of which, being in exactly the reverse cii-cumstances, labour under coitc- 
sponding disadvantages. The besiegers are nearly, if not quite, as well covered from 
their enemies’ fire as the besieged are from theirs. As the siege proceeds, the works 
of a fortress become gradually more injured and dilapidated, and consequently less 
defensible, and it is almost impossible to repair them ; whereas a besieger can not 
only repair, but re-construct his works when necessary. No material has yet been 
found hard enough to resist the fire of battering-guns, and the softer substance, in 
which round shot bury themselves without doing much injury, yields to the explosion 
of shells. Owing to these causes, a besieger’s works may be gradually advanced till 
they penetrate the last defences of a place, when superior numbers must eventually 
prevail. Nor is this superiority of the attack over the defence likely to he dimimshed, 
for every improvement in artillery tends to the advantage of the former, and improve- 
ments are constantly being made. There can be no doubt that the recently invented 
guns, from wdiich large shells are fired with the accuracy of round shot, if employed 
in any number at a siege, would bring it to a conclusion with much more rapidity 
than has been attained by any weapon hitherto used on such occasions. 


Vauban’s 

maxims. 


The following ^ General Kules or Maxims’ of Marshal Vauban are added, as an 
account of the attack on fortresses would hardly he complete without them : 

I. Be always well informed of the strength of garrisons, before determining the 
attacks* 

II. Attack always on the weakest side, and never on the strongest, unless obliged 
to do so by paramount reasons, which, compared to minor ones, render that which is 
the strongest under ordinary circumstances the weakest under extraordinary ones : 
this depends on localities, on the times and seasons of making attacks, and on the 
different circumstances in which one may he placed. 

III. Never open the trenches till the lines are in a very forward state, and the 
necessary munitions and materials collected ready and within reach ; for one must 
not he delayed by such wants, hut always have what is necessary at hand. 

IV. Embrace always the whole front of the wmrks attacked, in order to have 
the space necessary for the batteries and i>laces of arms. 

V- Make always three grand lines or places of arms j let them be well situated and 
established, and give them all the necessary extent, 

VI. Combined attacks are preferable to all others. 

VII. Employ the sap as soon as the trenches become dangerous, and never do 
openly and by force that which can be done by industry *, inasmuch as industry acts 
always with certainty, whereas force does not, being sometimes liable to fail, and 
generally involves much risk. 
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'VIII. Never make the attack in confined and narrow situations, or in marshes, 
and still less on chaussees, when they can be made in dry and spacious situations. 

IX. Never attack re-entering angles, which may admit of the enemy’s enclosing the 
head of the attack, for the result -would he, that instead of embracing, the trenches 
would be surrounded. 

X. Do not encumber the trenches with troops or materials 5 but range both one and 
the other in the places of arms to the right and left, and leave the communications 
free for the service of the work carrying on, and for those going and returning. 

XI. The surest way to succeed well in a siege is to have an army of observation. 

XII. Never extend a work forward to-wards the enemy till that which is to support 
it is in a state to do so. 

XIII. Let the ricochet batteries he always situated so as to enfilade or take 
in reverse the parts attacked, and never otherwise. 

xi-v. Employ the same ricochet batteries, and the cavaliers in the attack of the 
covered-ways, in preference to attacks by force, wherever it is possible to do so. 

XV. Observe the same thing in attacking all the outworks, and also the body of the 
place. 

XVI. Never fire on the buildings of a place, because it would he but losing time 
and consuming ammunition to no purpose for things which contribute in no degree 
to the reduction, and of which the repairs are always costly after it is taken. 

XVII. Precipitation in sieges does not hasten the taking of places, often retards it, 
and always renders the scene bloody; witness Barcelona ( 1697 ),Xawd( 2 M (1703), and 
several others.* 

XVIII. It is with sieges and the attack of places as with most afifairs of importance 
in this world, that they require to be well matured in order to he carried out and 
properly concluded. 

XIX. The season least fit for attacking places is winter, because it is that of 
bad -weather and intense cold, which causes much suffering to the troops. 

XX. Attack marshy places, of which the environs are moist and half-watered, in 
the driest times of the year, to diminish the probability of being incommoded by water. 

xxr. A regular place should be regularly attacked ; but when a place is irregular, 
one should attack as one can, deviating however from rules as little as possible. 

XXII. When places have a keep or citadel, attack the citadel when one can, unless 
there are other and sufficient reasons against it ; because the taking of the citadel is 
necessarily followed by that of the town ; whereas attacking the town first requires 
two sieges instead of one. 

XXIII. Never deviate from rules under pretext of the place not being strong, 
for fear of affording a weak place an opportunity of making a good defence. 

XXIV. Attacks in confined and narrow situations are always difficult and subject to 
great inconveniences, because one cannot always adhere to rules. 

XXV. Every fortification arranged by masters of the art has always more or less of 
regularity unless the situation absolutely precludes it : such should also be the case 
in the conduct of attacks properly so called, 

XXVI. Marshy lands, which cannot be drained, are not proper for the attack 
of places except when the weakness of the fortifications or garrison admit of it, and 
the dykes which give access to them are of sufficient height and width to admit 
of trenches being made in them with the returns necessary to prevent their being 
enfiladed, and when there is some dry ground near them higher than the surface of 
the marsh, for the establishment of batteries of all kinds which fulfil in part the 
conditions required in ordinary cases. 

* Badajos, 1812, and SL Sebastian, 25th July, 1813, might be added. 
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xxvir. Attack by day when the trenches have gained so much the advantage that 
there is no longer any part of the fronts attacked exempt from a superior fire of shot, 
shells, stones, and musketry ; and hy night when a considerable part of them are not 
so " circumstanced. ■ ' 

xxviii. Every siege of any importance requires that one man of experience, 
of ability, and character, should have the chief direction of the attacks, under 
the authority of the General j that this man should direct the trenches and every 
thing relating to them, should determine the positions of the batteries of all kinds, 
and point out to the Officers of Artillery what they are to do; which these latter 
should punctually follow, without addition or diminution. Where this has not been 
literally carried into effiect, confusion has ensued, and the cannon has neither been 

well placed nor served, nor has it produced the expected effect. 

' ' Eor the same reason this man should command the engineers, miners, 

sappers, and every thing relating to the attacks, for which he is responsible to the 
General alone: because when there are several heads to whom it is required to 
report, it is impossible but that confusion must arise ; after which almost every thing 
goes wrong, to the great detriment of the siege and the troops. 

xxx. Finally, never deviate from the observation of the maxims, because the 
inevitable result will be failure in something, and often in every thing. 

EMBRAStJRE SHTJTTERS.'^ 

The four accompanying sketches are intended to illustrate a method of fitting 
shutters to embrasures, which is described by Albert Dtirer in his hook ‘ tlnterricht 
von Befestigung der Statte, Schloss, und Flecken,' Nuremburg, 1527. (See Plate IV., 
article * Sap.^ 

These shutters are composed of long spars balanced see-saw fashion on a trestle 
over the gun, and having a trifling preponderance to the front. Thus, at rest, the 
fore ends dip to meet the sill of the embrasure (figs. 1 and 3), while the slightest 
touch behind is sufficient to cant them up (figs. 2 and 4), so as to allow of the piece 
being discharged, on which the shutter is immediately let fall again. This is a very 
ingenious suggestion, and seems admirably practical, from the facOity with which the 
shutter is constructed and worked, the promptitude with'which a shattered beam 
could be replaced, and the tendency which the slanting position of the timber would 
have to deflect a bullet, 
article ‘ Zig-Zag/ 

SHEAPNELL SHELLS, or SPHEEICAL CASE. — The author of 

* the British Gunner^ has very justly observed that the latter term is given to the 
prejudice of the ingenious inventor, Major-General ShrapnelL On the Continent, 
among militaiy men, the termie^ Shrapnels is universal ; and as posthumous fame is 
more esteemed than pecuniary reward, it is hoped that the designation of Shrapnell 
shells will he again used instead of the present one, which is an imperfect definition. 

The Shrapnell shell is a projectile similar to the common one, with a thinner crust 
of iron filled with leaden halls and a small quantity of powder, and the fuze-hole has 
a shoulder to receive the fuze made expressly for this projectile. 

The application of the Shrapnell is not very simple or even general, as the fuze has 
to be cut for the assumed range, which cannot be easily ascertained in the heat of an 
action. In defensive positions, when distances are known, this projectile, fired from 
guns of larger calibre than field-pieces, is very effective. It is usual to fire the 


* By Capt. Yule, Bengal Engmcera. 




SHOT GABLANDS 


Shrapnell against cavalry, infantry in masses, and against artillery, at 600 to 800 yards 
with field-pieces, and from 1000 to 1200 yards for heavier calibre. 

The effect of this projectile is in proportion to the initial velocity; hence in field- 
pieces it is usual to fire the shell with full Service charges, hut with iron guns the 
charge requires’'to be reduced one-fourth on account of the thinness of the shell. 


The number of balls in a 6-pr. Shrapnell shell shonld be 27 
»> V 9-pr. „ ,, 41 

u ,» l2-pr. „ fj b3 

if . 'IS-pr. : . ■ 120 ' 

' it ■■ »>■' ■» ':-24-pr. : ^ " 17fi,,, , 

ft it 32-pr. ft tf 225 

Shrapnell shells are fired from howitzers, which seems a misapplication of the 
projectile, this piece of ordnance being especially made for the common shell, to 
he fired at low velocities for rieochet and pitching shells into hollows not visible, and 
into masses of troops at long ranges : the howitzer is likewdse better adapted to case 
or canister shot, consisting of tin cylinder cases filled with iron balls for short 
ranges against cavalry and infantry columns moving quickly, and when the spread 
of the balls amidst this force is likely to check the advance. The Shrapnell shell is 
intended to effect at a distance what the canister-shot can only accomplish at 200 or 
300 yards ; for, as the diagram above explains, when the distance is known, and the 
fuze is cut accordingly, say 600 yards, the bursting of the Shrapnell shell at high 
velocities throws the leaden halls onwards, and produces an effect very destructive. 
But this requires much skill and judgment, and if there is much error in the 
calculation of the range or in fixing the fuze, the effect of the balls is very trivial i 
hence the application of the Shrapnell is better suited to defensive than to 
offensive operations, and for the larger calibre of cannon than the smaller. 


SHOT GABLANDS, 


either of iron or wood, are used to retain shot placed 
on Defences, and their dimensions and scantlings are shewn in fig. 1. They pre- 
serve the shot from deterioration, and it is usual to place a tier of unserviceable shot 
under the serviceable pile. A cast-iron grating added to the shot garlands recently 
sent from Woolwich, and shewn in fig. 2, has been considered as an improvement. 


Section on k p. 


GROUND- 


Plan and section of cast-iron shot 
garlands for 8-inch shells; the 
ground tier consisting of unservice- 
able shot. 


By Colonel Oldfield, R. E. and K, H. 



Plan and section of cast-iron sliot 
garlands, shewing the proposed 
gratings for the ground tier, for 
84nch shells. 


9R0UND_ 


SHOT GARLANDS. 


Section c d of ngs. 1 and 2 


Plan and section of shot garlands of wood for 84nch shells, shewing ground 
tier of unserviceable shot. 
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SIEGE OPERATIONS IN INDIA. 

ATTACK OP FORTS AND FORTRESSES. 

PRINCIPLES TO REGULATE THE NATURE OF THE ATTACK.* 

1. In besieging an Indian fortress, it may appear necessary to observe tliat a 
salient angle should be chosen as the point of attack ; thatthe pettah (suburb), or any 
other ground near the place, capable of atfording cover, should be occupied, in order 
to diminish the labour of making parallels and approaches, and that ricochet bat- 
teries should be established, and the approaches pushed on towards the exterior line 
of works by the flying sap, and continued by the regular sap as soon as that more 
cautious mode of proceeding is found necessary. These rules, in fact, are precisely 
the same that would be followed in attacking every fortress, let its nature be what it 
may ; and therefore it is not necessary to enlarge upon this part of the operations, 
remarking only, in respect to the enfilading fire, that two well-appointed ricochet 
batteries, placed in the prolongation of those two faces of the fort which form the 
angle attacked, will generally suffice. By these simple operations, which may be 
completed in a few days, the besiegers wiU have advanced to within close musket- 
shot of the exterior line of defence, after which’ expert Sappers will be required for 
executing the regular single or double sap : the progress may be calculated at the 
rate of three or four yards an hour. 

2. At this period of the siege, the peculiar nature of the exterior line of works 
first begins to influence the operations. Some Indian fortresses have a glacis in 
front of the main ditch, as at Nowa, which had a partial and imperfect covert- 
way. In the attack of these, the practice of crowning the crest of the glacis by sap 
must be followed, and batteries may be constructed there for the purpose of breaching 
the low fausse-bray or rounce-wall which almost invariably surrounds the principal 
rampart of the body of the place. It is possible, however, that batteries so placed 
on the crest of the glacis, and firing across a very deep and narrow ditch, may not be 
able to bear sufficiently low to effect a practicable breach in the scarp revetment of 
the fansse-bray. In this case, therefore, it may sometimes be proper to blow in the 
counterscarp and part of the glacis by mining, in order to lay open the fausse-bray to 
the fire of batteries placed in a more retired situation on the glacis. 

3. If, on the contrary, the fortress besieged should have no glacis, but an ex- 
terior enclosure, consisting of a simple rampart, beyond the fausse-bray and the 
main ditch, as at Mallijaum, the mode of proceeding must be somewhat different. 
Whilst the sap is advancing towards this rampart, which is usually of moderate 
height and constructed of mud, miners must be sent forward to lodge themselves in 
the lower or solid part of three or four of the principal towers, in which they 
will prepare chambers for blowing them up. But if this rampart should be built of 
masoniy, then, instead of attaching the miners to the wall at once, it may be neces- 
sary to commence the mines requisite for the demolition of the towers by means of 
galleries carried under the level of the foundation. On the explosion of the mines 
thus prepared, troops must be in readiness to move forward immediately, and occupy 
tbe exterior line of works of the fortress, which will then be laid completely open to 
assault, and from which, in all probability, the enemy will retire without w^aiting the 
issue of a personal conflict. This will form an excellent parallel for the ulterior 
operations, provided that in certain parts of it a parapet be formed on the reverse of 



♦ From * Journal!? of the Sieges of the Bladras Army,’ by Lieut, Edw. Lake. 
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tlie terreplein towards the enemy, and turning it, as it were, inside out, or other- 


4. The next consideration is the passage of the ditch and the formation of a prac- 
ticable breach in the rounce-wall; for which purpose, if the exterior rampart, now 
supposed to be in the possession of the assailants, should be too near to the counter- 
scarp to admit of a breaching battery being placed in the interval, it must he cleared 
away by mines fired for this express purpose. If, on the contrary, there should he 
a considerable space of ground intervening, this space must he occupied, the sap 
extended to the brink of the ditch, and a proper breaching battery established, in the 
same manner as was before described in treating of the attack of the simple glacis oi 
counterscarp. 

5. It is possible, however, that under peculiar circumstances it may not he 
advisable to attempt to breach the fausse-hray by battering-guns. In some cases, 
galleries for the descent of the ditch must be excavated, and the counterscarp revet- 
ment pierced; after which the passage of the ditch must he executed by sap, and the 
rounce^-wall or scarp revetment of the fausse-hray must be breached by parties of 
miners pushed forward for that purpose. At the same time, a battery must be 
constructed to breach also the high interior line of defence or principal rampart 
of the body of the place immediately above the breaches in the fausse-hray; and 
mines must be prepared to blow iu the counterscarp opposite to the breaches. 

6. The quantity of powder to be used in these mines will depend upon the nature 
of the counterscarp, and also whether it is revetted. The ditches of native fortresses 
are freciuently without revetments ; for the earth in some parts of India is of great 
tenacity, and notwithstanding the heavy periodical rains, it will stand at a much less 
slope than in Europe. 

7 . The explosions should he so timed as to take place as soon as the breaches in 
the body of the place are practicable, but not before; and the storming party must be 
in readiness to push forward across the mines the very moment that these are fired, 
as was done at Nowa, where the explosion of the mines was the signal of assault. 
These operations, perilous and dililcult to men ignorant of such duties, are easy of 
execution to properly trained Sappers and Miners. 

8. In respect to the proper distance for breaching batteries, it may be remarked 
that even when they are not from circumstances obliged to be advanced to the crest 
of the glacis or to the counterscarp, it is not recommended that they shoukl be 
established at more than 150 yards from the wall that is battered. If the ramparts 
of an Indian fortress are of stone, the curtain should generally be battered in prefer- 
ence to the towers, as the shot are apt to be reflected from the latter, owing to their 
circular form and the hardness of the material of which they are built. The pro- 
priety of this rule was exemplified in a remarkable way at the siege of Palghaut in 
1781, when the besiegers in vain attempted to breach one of the round towers of the 
fort, which was composed of very large blocks of granite, laid in the manner techni- 
cally called ‘headers,^ in architecture, so as to present their ends, not their sides, to 
the shot. In 1790, when the fort was again attacked, one of the curtains was 
breached in a few hours. 

9. If all the works at a fort be constructed of mud, the breaches iu each enclosure 
or line of defence will he better and more quickly effected by mining than by hatter- 
ing-guns ; for such is the nature of these earthen revetments, that the shot bury and 
lodge themselves in the mud without bringing it down. Live shells, the effect of 
w'hich against earthen works has been proved in Europe to be much greater than 
that of shot, may be also used to advantage ; hut it may be justly asserted that there 
is no country in the world in which mining may be used for the purposes of attack 
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to so miiclx advantage as in India, where the ill-flanhed outline enables the Miner to 
lodge himself at once in the face of the rampart, without the necessity of approaching 
it by galleries, and where the mud of which the works are composed is soft enough 
to be penetrated with care, and yet of sufficient tenacity to stand without wood-work 
of any description. 

10. Captain Coventry, of the Madras Engineers, tried an interesting experiment 
connected with this subject in the year 1811, at Amulnur. It was his intention, 
in the attack of that fort, to have breached the rampart by mining ; but as the place 
surrendered without resistance, he resolved, on receiving an order to destroy the 
works, to put to the test the plan of operation that he had previously determined to 
pursue if the place had stood a siege. Accordingly he ran a gallery under one of the 
circular towers, aud placed 1100 lbs. of powder in the chamber, the line of least 
resistance being 22 feet j and although the powder was of inferior quality, being 
made by the natives, the effect of the explosion was very considerable, throwing 
down the whole of the tower and part of the adjacent curtain. 

11. It may he remarked that it is better to effect a breach by mining than by 
hattering-guns, so far as regards the expenditure of shot ; not so much, however, on 
account of the expense as the difficulty of conveying a sufficient quantity of this most 
essential article of store. 

12. Even this is a matter of some consequence, if it he considered that it may 
require three months to convey the shot to the advanced divisions, and that it may 
he a year or more before they are used j that in the Madras Service they are always 
transported on bullocks, each of which carries only four 18-pound shot^ and involves 
an expense of nearly five rupees a month, over and above the prime cost of the 
animal. 

13. In regard to the best hour of storming a fortress, after practicable breaches are 
effected by the battering-gun or by the mine, opinions are divided. The morning, 
noon, and night have each their advocates. 

The storming of Seringapatam took place in the middle of the day ; but it appears 
that the unusual hustle of the preparations in the trenches attracted the notice of 
several of Tippoo’s principal Officers, who were fully aware of the intended assault, and 
requested him to prepare for it,— but in vain,— as a blind fatality seems to have cha- 
racterized all his actions towards the close of his life and reign, 

Orme gives a strong opinion in favour of night attacks. After relating the extra- 
ordinary successes of the French under Monsieur Bussey, in 1750, in the assault of 
Gingee, he observes, that had the attack been made in daylight, it could not have 
succeeded, for the Moors, as well as Indians, often defend themselves very obstinately 
behind strong walls ; but it should seem that no advantage either of numbers or 
situation can countervail the terror with which they; are struck when attacked at 
night.. - ■ , , ' ■ 

As a general principle it is recommended,— subject, however, to such variations as 
local circumstances may require,— to commence the assault in the very early part of the 
morning, before there is sufficient light for the enemy to distinguish objects correctly. 
At this time they wffil also have had the fatigue of watching all night ; and to exhaust 
the garrison the more, a false alarm in the course of the night may previously be 
resorted to. 

APPENDIX I. 

Notes on the Siege of Mooltan,^ 

1. The second siege was carried through with very little labour to the troops ; 

* From Major Siddons^s (Bengal Engineers) 'Account of the Siege of Mooltan/ published in the 
Corps Papers in February, 1850 . 
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the amount of treBch-work was smaller, and the dangerous part was chiefly 
executed hy the Sappers, the working parties of the Line being employed in 
widening and improving the previous work. There is no doubt that Brigadier 
Cheapens project of carrying the suburbs by assault, taking the town, and then pro- 
secuting the attack on the fort or citadel, saved much time and fatigue to the besiegers, 
which would inevitably have been incurred by the adoption of the attack on the 
north-east angle of the citadel, without dispossessing the enemy of their cover 
in the gardens and houses and city walls; and, in all probability, with the city, they 
would have stood an assault, trusting to make terms in or to secure their flight from 
the/town.' ' ■ ■ ■ . 

2. The attack from the town after its capture was most judicious, and the breaches 
on that side would, owing to the destruction of the great mosque magazine on the 
30th December, in the upper line of works in the citadel, have been carried with 
greater ease than those on the north-east: this fact should not be overlooked, the 
site of a breach in a re-entering angle being deemed ohjectionahle. 

Twenty-seven days were occupied in the operations of the second siege. Some of 
these might, perhaps, have been saved, and it is easy to look back ; but considering 
the necessary loss of life in accelerating the attack, and the difficulties incurred in 
removing rubbish and clearing houses for the emplacement of batteries and magazines 
incident to an Indian city, the time that might have been gained is not now worth 
consideration. 

3. As for the details of the siege, the following may be worthy of notice ; 

The engineers' works were probably too much in advance of the artillery ; a more 
active enemy might have taken advantage of this ; and, as a general rule, the defences 
should be ruined before the sap is commenced. The fort of Mooltan is so far peculiar, 
that it might he impossible to silence it altogether ; but the towers of the advanced 
line should have been destroyed at an earlier period by the 24-ponaders in battery 
near the Shurastahrez. 

4. The artillery practice was most excellent, and the exertions of officers and men 
indefatigable. It is impossible to overrate the service rendered by the 8 -inch and 
1 0-inch howitzers. The walls are mostly of mud, or brick and mud ; and it so hap- 
pened that the part selected for the breach was very defective, a mere facing over the 
old wall, In this the 24-ponnder shot brought down large masses; hut where the 
wall was sound, the shot buried themselves, whereas the shells penetrated, and then 
acted as small mines. Against a mud fort a howitzer must therefore be considered 
far preferable to a gun, though of course the latter would be more effective against a 
well-built stone wall. The inconvenience to howitzers is the difficulty of preserving 
the cheeks of the embrasures. The iron howitzer might, perhaps with advantage, be 
lengthened. 

5. Lieut- Taylor, Bengal Engineers, who had charge of the engineer park during 
the siege, contributed greatly to the security of the gunners by the supply of palm- 
trees roughly squared, which were fixed at the throat of the embrasures, on which 
shutters of 4-inch planks were hung as mantlets. The only other novelty in the 
engineering operations was the attempt to construct elevated batteries rapidly by 
building up the solid portion with fascines nine feet long, of which there was 
abundance. Four Officers of Engineers and two Sepoy sappers erected a two-gun 
portion in little more than half an hour, all the material being close at hand ; such 
batteries are, however, highly inflammable, and once on fire, cannot he extinguished, 
as occurred on the 9th January in one of them. 

6. Captain Siddons proposed a field powder-magazine of a new construction; 
and inasmuch as it might aflbrd sufficient protection against the vertical fire of an 
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Eastern enemy, and would save much expense in the carriage of heavy splinter- 
proof timber, it might be expedient to experiment and report on it, which could 
be easily carried out at any station of the army where there is Artillery practice. 

7. Nine to ten feet of parapet was found to be ample thiclmess against the Mooltan 
artillery.* In a portion of the parallel where the parapet was thinnest, not more 
than five feet of loose earth, a 14-pounder shot was observed to strike it fully and 
fairly : it passed through into one side of the revetting gabion, which merely fell over 
into the trench with the shot inside of it : the distance fi-om the walls was 110 yards. 

8. The concussion produced by the salvos from one of the breaching batteries, 
which fired over the trench from which the mining operations were carried on, was 
very prejudicial to the progress of those works, and the want of casing, in substitu- 
tion of the old pattern frames and sheeting, w^as very much felt. 

9. No siege was perhaps ever more completely supplied with engineers^ stores. The 
period during which the siege was delayed, pending the arrival of the Bombay Division, 
was most usefully employed by the Sappers in making up gabions, fascines, pickets, 
&c., at a town called Shoojahabad, some twenty miles in rear of the army ; while 
Lieut. Taylor, with a singular zeal and ingenuity, prepared all kinds of contrivances 
for facilitating siege operations, making his park quite a show. 

10. The carriage of gabions and fascines to the front was a difficulty, and the 
fascines were made in lengths of nine feet, instead of eighteen feet, to facilitate this 
operation, and a proportion of three pickets cut for each fascine. Both fascines and 
gabions were carried on camels, one camel carrying ten or eleven gabions tied on in 
an ingenious manner devised by Lieut. Olipbant. 

11. The gabions were 20 inches in diameter, and made as light as possible, so that 
they did not suffer in the carriage ; hut as 15,000 were made, and 12,000 fascines, no 
deficiency was experienced. The sap-rollers were made up as near the trenches as 
■'possible.' 

12. Sand-bags were a most useful engineers' store, and were in abundance, but 
very much wasted by the troops appropriating them to their own use. 

13. Phouras are useless constructing tools, and the proportion taken of them 
might he greatly reduced. 

A European soldier cannot 'work with them at all, and the — Ok 

Sepoy prefers the spade after a couple of hours' practice 
with it. There is another advantage in giving spades to the 
Sepoys ; they look on them as more of a military tool than l / 
the phoura used by the labourers of the country, and they 
therefore are more readily disposed to take them up. 


APPENDIX II, 

Extract from a Note hy Captain T» W. HicJcs^ Field Commissary of Ordnance, 
Bombay Division, April 

1st. Our siege-train platforms are Bombay, not Madras, and were invented by the 
late Major MUlar, of the Bombay Artillery. No platform can be better for siege 
ordnance ; these platforms, during the siege of Mooltan, did not receive fair treatment, 
for various reasons, but chiefly owing to my heavy ordnance carriages being half 
Bengal and half Bombay pattern .* the former are made wider in the axle-tree than 

• Probably from the inferiority of the Sikhs’ gunpowder. 
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tlie latter. Each platform was made to fit its carriage, and the component parts were 
numbered to correspond with the number on its own carriage ; yet, consequent on 
the batteries being formed at night, there were frequent mistakes, the narrow 
carriages being put on the wide platform, and vice versd. The platforms we used 
for the 8-inch howitzers are Bengal patterns, which were left in and brought up by 
me from the Sukher Arsenal; we hope never to see more of them. The Bengal 
10 and 8 inch morte platforms are, I think, perfect; most easily put together, and 
comparatively light. We hope they may be introduced in our Presidency. 

2nd. Tour siege-train carriages are better than ours, owing to the axle-trees being 
wider, felloes much wider, limber-wheels lower than the gun-wheels, consequently 
the gun travels on its own carriage with facility ; the weight is equal. Our heavy 
ordnance carriages are too slight. Although the guns may he moved back to 
travelling-holes, yet all the weight is on the axle-tree; the muzzle of the gun is 
so low that elephants cannot he used to shove it on. I hope to see our heavy 
ordnance carriages improved. 

3rd. 8 and 10 inch brass mortars have long been abolished, yet this description of 
ordnance was years ago sent up to Scinde, and, for want of iron ones, these were 
brought on for service, 

APPENDIX III. 

During the siege of Mooltan, the Bengal artillerymen were .so few that it was found 
impossible to afford a relief in the batteries without withdrawing gunners from the 
troops of horse artillery. A relief, however, was thus effected daily between three 
and four p.M. ; which was found the most convenient hour, as it afforded time to the 
relieving Officer to ascertain his range, &c. before nightfall, and to prepare and fix 
his ammunition for expenditure during the night. It was convenient also for the 
men in other respects. 

In the howitzer batteries, it was the practice to receive the charge ready weighed 
out from the magazine ; hut in the mortar batteries the charges were invariably 
weighed out in battery. The bursting charges of all shells were received in battery 
ready weighed out in small bags, and the shells were always filled by means of 
a funnel, and fuzes prepared and set by means of a fuze-bench in the battery. Live 
shells were never sent down to battery from the magazine ; as no advantage in point 
of time was to he gained thereby, the preparing of shells being found, in the hands 
of expert men, to fully keep pace with the working of the ordnance. 

The practice was thus rendered very much more satisfactory, as the length of the 
fuze could be altered according to circumstances, such as the variation of strength of 
powder, which was found to he most dependent on the state of the weather, and 
even of the ordnance, which, as the day advanced, would gradually warm, con- 
tracting the dampness of the powder, and rendering necessary an alteration in the 
length of fuze. 

The effects of the howitzers employed in breaching was a subject of satisfaction 
and astonishment to all; indeed it is doubtful whether the natural mounds of the 
fort would have been practically breached without their aid. Even against the 
brick-work their effects were conspicuous. These shells, made to burst at the 
moment of contact with the walls, afterwards during their passage through the 
revetment, and ultimately with a longer fuze in the earth beyond it, would probably 
(against such masonry) have alone effected imacticable breaches without the assist- 
ance of heavy guns. 

At a distance of 150 yards, both the 8-inch and lO-inch howitzers were employed 
in breaching a scarp wall, part of which was invisible from the battery, and only 
VOL. III. 2 E 
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reached by a plunging fire, obtained by my small charges, and succeeded admirably. 
At a distance of 35 yards, 8 -inch howitzers were similarly employed with a charge of 
8 oz. ; a very low velocity being requisite to prevent the shell from burying itself too 
far in the soft earth. Of the effects of the vertical fire, nothing could have afforded 
a clearer proof than the ruiiious appearance presented by the interiGr of the fort on 
its surrender; and the explosion of the great magazine, which took place within one 
hour of its site being indicated to the batteries, was a just subject of congratulation 
to the Bengal artillery employed, bearing testimony as it did to the accuracy of their 
practice. 

On the 9th January, 600 shells were fired from an 8-inch mortar battery of six 
pieces in twenty-four honrs, and, the mortars did not suffer. No new feature, how- 
ever, presented itself from the employment of these pieces, nor from that of the 
heavy guns, which, however, vied with the mortars and howitzers in utility : doubt- 
less it is by a judicious combination of the three that such powerful effects are 
produced; hut it may he worth inquiring whether, in the siege-trains employed 
against fortresses in the East, built, as they generally are, of old and often crazy 
materials, a greater proportion of howitzers might not he used with advantage in 
cases where no particular object exists to curtail tbe transport of the shells, which is 
doubtless great. In addition to wbat has been above stated of the effects of these 
most useful pieces in mining the defences, and in counter-battery, which was con- 
spicuous throughout the siege, it may be remarked that one shell was often found 
sufficient to silence the fire from an embrasure of the enemy for a whole day. 

Rack-lashing platforms were used by the Bengal artillery throughout the siege for 
the guns and howitzers, and were found to answer most satisfactorily ; and the small 
Bengal mortar platforms, consisting of three sleepers upon which seven strong planks, 
each four feet long, were pegged transversely, were made up in the park, and thus 
taken down to the batteries, where they were expeditiously laid, and stood the firing 
both of the 8-inch and 10-inc^ mortars without renewal during the siege; the only 
difference being that from the 10-inch mortars other sleepers were laid transversely 
beneath, to prevent the platforms sinking. 

D. Newall, Lieut.- Adjt. Bengal Foot Artillery, Mooltan Field Forces. 


APPENDIX IV. 

Return of Engineers^ Stores (Bengal and Bowhay) eoepended during the Siege of 
Mooltan, from Se^gtember 1, to January 22, 1849. 


Letter. 

Names of Stores. 

Number 

expended. 

Letter. 

Names of Stores. 

Number 

expended. 

A 

Augurs, carpenters^ of sizes , . 

5 


Bamboos, small . . . 


» « 

75 


Axes, pick, with helves . . . 

1153 


Baskets, wicker hand . 



57 


helves, spare . . . 

1199 


Bills, hand and book . 



70 


felling, with helves . . . 

200 


Borax 


fts. 

2 


helves, spare . . 

186 


Borers, jumper . . . 



3 


pick, sap, with helves . . 

6 


hand, two feet . 



6 


miners’, ditto . . . 

2 


Buckets, wmoden water 



9 



0 





11 




' ' wiXXiVciib^ U[lXiJ,L<XKi 




push . . . . . . . 

2 


Barrows, hand, bamboo 



6 


pole ' , 4 . . . . . 

2 

c 

Cakes of Indian ink . . 



1 

B 

Bags, sand . . ... . . 

35,304 


Candles, wax . . . - 


*ibs! 

48 


Bamboos ..... bundles 

36 


Chalk, European, . . 


lbs. 

7 


— large 

166 


Charcoal, about . . . 


fts. 

16,000 


— medium 

500 


Chains, measuring, 100 feet 

• • 

1 


1?^ t-i >-^ S C!j ^ 1 Letter. 


SIEGE OPERATIONS IN INDIA. 


RETURN OF ENGINEERS' STORES“*-CO»^2»Me4?- 


Names of Stores. 

Chisels, trimmer, carpenters’ . . 

smiths’, of sorts . . . 

Cloth, canvas, European, fine, yds. 

(losottee, white . pieces 

Cotton .... inaunds, about 
Fascines, each 9 ft. long, about . 

pickets, about . . . 

Glue lbs. 

Gabions 

Gauges, gabion 


Number 

expended. 


Gunny, single, new . . pieces 

178 

P Palms, steel . . . 

Hammers, liand, for boring bars . 

13 

Paulins, waxed, small 

smiths’ 

2 

Paper, Sorampore . 

sledge 

6 

foolscap , . 

Hatchets, hand, with helves , . 
Hides, bullock, dressed . . . 

25 

Pencils, lead, tl H H 

6 

Pincers . ... . 

balf-dressed . . 

204 

Planks, fir, 15 feet long 


raw . . . about 

sbeep, I'aw . . . . . 

Iron, raw ibs. 

hoop ..... ibs. 

Jumpers, iron 

Knives, laboratory 

gabion 

L Ladders, royal patent . pieces 

— bamboo 

scaling joints .... 

Ladles, daraincriiig 

Lamps, mining, tin 

Lanterns, dark 

horn . . . . . . 

Lashing, country, for camel slings, 
1 yards 

i Lead, pig lbs. 

Levels, of sorts 

universal, with box . . 

Line, country, log . . . skein 

seizing . skeins 

, pieces 

M Mallets, large 

small 

Mantlets, 0' x b" x 3", wooden 

Match, slow .... skeins 


►q Names of Stores. 

Mining frames and top shaft, com 
plete . . ... . . 

planks, sheeting. . . 

Moonge maunds 

Mining frames, descending gallery 

N Nails, of sorts, about . . lbs 

Needles, packing. .... 

sail and sewing . . 

0 Oil, cocoa-nut . . . gallons 

mustard seers 


Number 

expended. 


)• 4 ♦ 

40 

maunds 

3 

g gallery 

1 

. tbs. 

200 

• • • 

5 

# « 4 

200 

gallons 

2 

. seers 

G 

... 

5 

... 

20 

sheets 

4 

quires 

8 


10 

4 4 4 

6 

« • • 

155 

4*4 

25 

. tbs. 

7200 


quick 

Mamooties, with helves . . . 

without ditto . . . 

helves, spare . . . 

Mining stanchions, 7 feet. . , 

— ^ 5 feet., . 

3 feet. . . 

4 feet . . . 

cap and ground sills, 4 feet . 

3 feet . 

2-|feet 

2| feet 

frames and shaft, complete 


Portfires .... . . . . 
Powder . . . . . . tbs. 

magazine frames, large . 

small . 

Planks, sheeting, seesoo, small . 

(superficial feet) 
R Racks, tool, camel . . . pairs 
Rods, measuring, 10 feet . , . 

(5 feet . . . 

3 feet. . . . 

2 feet . . . 

Rope, white, two-inch . fathoms 
S Sap-forks, long ...... 

Saws, with frames . . ♦ . . 

tenon, carpenters’ . . . 

cross-cut . . ... . 

— hand . . . . , . . 

Saucisson yards 

Scoops, miners’ . . . , , . 

Screws, small 

of sorts . . . . tbs. 

spare . . . . ... 

Shovels, with helves .... 

helves, spare . . . . 

raining, -with helves . . 

sap, with helves . . , 

Slings, camel .... . . . 

Spades ... . ^ . 

Spirits of wine . . . gallon 
Steel . ...... ibs. 

Stones, grinding, medium . . . 

troughs . . . 

Spikes, jagged for guns . . . 
T Tape, common . . . bundles 

Newar, l^-inch . , yards 

Thread, cotton .... ibs. 
Twine, country, hemp . . lbs. 
Timbers, splinter-proof, 8 feet . 

12 feet . 

W Wax, bees’ lb. 





First Second 

Operations. Operations. 


Bengal. 


Total. 


RETURN OF ENGINEERS* STORES— COWifmZiei?* 


APPENDIX V. 


MacpmdAture of Shot and Shell during the Operations before Mooltan* 


(Signed) T. Christie, Lieut., Commissary of Ordnance, 
Mooltan Siege Train. 




Number 

U 

a; . 



Number 

A 

Names of Stores. 

expended. 

>4 

Names of Stores. 


expended. 


Windlass, mining . . . . . 

3 


Cloth, linen, old . , - 

.yards 

10 


Wood, baboot . . . pieces 

419 


wax, old . . - 

, yards 

30 



643 



. .ft). 

1 


- — — planks, 3-inch seesoo . . 

10 

G 

Gunny, single, old . . 

. yards 

100 


2-mch seesoo . . 

113 

H 

Hemp, country or jute . 

. fts. 

4 




L 

Lashing, country . . 

. fcs. 

48 


PACKAGE. 



Line, seizing, country . 

pieces 

34 

c 

Cases, packing, common, large, of 


N 

Nails, iron, of sorts . . 

. lbs. 

1 S 


sorts . . . . , . . . 

3 

P 

Paper, packing . . . 

quires 

i 4 


small, of 


R ' 

Rope, jute 

. cwts. 

25 2 10 


sorts . . . . . . . . 

4 

T 

Twine, country, No. 3 . 

. ft)S. 

20 


Camel bags, old . . * . . . 

69 






Goojrat, March 4, 1849 


24-pounder round shot . 
18 -pounder ditto . . . 

24-pounder case shot . . 
24 -pounder Shrapnell shell 
18-pounder ditto 
18-poiinder case shell . . 
lO-inch common shell 
lO-inch case shot . , . 
8-inch common shell .. . 
5^4nch ditto . . . 
5 1 -inch light-balls . . . 
68-pounder Shrapnell shell 
8-inch case shot . . . 
S-inch carcases .... 
5|4nch ditto ... , 


4386 

5011 


4386 

5411 


400 


150 


159 

314 

3450 

1 

7685 

3078 

50 

120 

46 

102 

30 


4 

314 

3450 

1 

7189 

2918 

50 

20 

38 

102 

30 


416 
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(Signed) 


Alexander Taylor, Lieut., late in Charge of Engineers* 
Park with Mooltan Field Force. 


85,331 fts. 
20,530 „ 


N.B. — Powder expended 


: — Ordnance 
Musketry 
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f 

APPENDIX VI. 

Expenditure of Shot and SheU dwing Me Opemtiom before Moolian. 


Mooltan, February 5, 1 8 49. 



First 

Second 


, Bombay. i 

Operations. 

Operations. 

Total. 

18-poimder round shot 


3751 

3751 

18-pounder case shot 


206 

206 

S-inch Shrapnell shell ....... 


IGO 

160 

5|-inch or 24-pounder ditto .... 


552 

552 

4f4nch or l2-pouiider ditto .... 


290 

290 

4|-inch or 9-pounder ditto 


106 

106 

10-inch common shell . , . . . . 


474 

474 

8-inch ditto . . . . . . 


6075 

6075 

/•bf-inch'' ' ''dittO: ■■ ' 


1876 

1876 

' 4f-inch carcases' '■ ■' . ■ ■ ■, . 


10 

10 

S-inch case shot . . . ... . . 


■' vb2' " 

52 

Hand-grenades , . . . . » . . * 


680 

680 

Also various kinds from brass field-guns 1 
employed in the batteries . . . . 1 


■: '.,2582::' 

" ■ ■ ^2582' 


From a paper supplied by Captain T* M. Hicks, Field Commissary of Ordnance, 
" Bombay Bmsion.. 

KB.—Fowder expended . , . ... . . 56,900 ii)S. 


f 

f 


APPENDIX YH. , 

Meiurn of Siege Ordnance in battering Mooltan* 


BENGAL. 

No. of 

Bescripiicm. Pieces. 

24-pounder guns . . . . . 6 

18-pounder ditto . . . . 6 

lO-incb bowitzers . . . . . 3 

8-incli ditto ... . . 4 

lO-incb mortars 3 

8 -inch ditto 6 

b i^-inch mortars, brass ... 4 


Total number of Bengal pieces 32 


BOMBAY. 

. No. of 

Desciiption, Pieces, 

18-pounder guns . . . . . 8 

8-inch howitzers . . . . . 4 

104nch mortars, brass . . . 2 

8-ineh ditto ditto . . . 6 

8-inch ditto iron . . . 4 

5|-inch mortars, brass . . . 11 


Total number of Bombay pieces 35 


PROPORTION OP ORDNANCE EMPLOYED 

Guns . . . . • . 

Howitzers .... 

Heavy mortars 

Light ditto . . . . . . 


20 

11 

21 

15 


Total 


t>7* 



iCxcluaive of fielil artillery. 
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H ' 


i'i 


l : ,ji . 


^ -1 15 
r la-!.' i ( 




1 i'i 




i 

f I ili 

f|l li Ml) ^'1 


Description of Stores. 


A Axes, felling, with helves ! ^qq 
complete . . . • J 


helves, spare 


helves . 


helves, spare . 
mining, with 


B Bags, sand . . . . . 30,000 


Bamboos, large . . 


Barrows, truck . 
Barrels, budge . 


Baskets, wicker hand , 

Bellows, mining . , 
smiths^ me- 
dium size, with frames 
complete . . . . 

Bill-hooks ... . 


Borax . . . . . fts, 
Borer, earth . . . . , 


Buckets, wooden . . . 

C Candles, wax . . lbs. 
Chains, measuring (100 1 
or 50 feet) . , . J 
Charcoal . . . . lbs. 


Cloth, waxed, yards 50, ! 

or pieces ' . . . . J“ 
Compass, box, mining 
Crows, ii’on, large and! 
small . . . . . f 


f Flags, park, with statf, ! 
&c., complete , . j 


&c., complete 
Forks, sap, long 


G Gauges, gabion , . . , 
Ghee ..... lbs. 


gms and from 16 

Number 

Weight 

of each. 

of each. 


lbs. 

300 


75 

u 

1000 

6 

250 

If 

20 

2 

30,000 

2 

200 

60- 

100 

15 

17,000 

2 

6 

55 

3 

00 

1:^-* 

4000 


4 

' ■ 

2 

240 

2000 

21 


2 

1 

100 

40 

9 


100 

4 

20 or 35 


1000 

1000 

*• 

5 

3f 

2 


10 

36 &:25 

1 

100 

20 ' 

n 

50 

1 


400 

J ^ ^ 



Purpose for whicli required. 


Gutting down trees, brushwood, 
enemies’ defences, &c. 


Intrenching and sapping. 

N.B. — Those in store weigh 
sometimes from 8 to 10 lbs. 


Mining in earth and masonry. 


"12,000 for revetting and repair- 
ing batteries,7000 loading and 
J tamping mines, 6000 making 

} loopholes and sapping, and 

500 spare.—N. B. On rocky 
ground 50,000. 

For scaling-ladders. 

For casing tubes. 

{ 10,000 for making pickets for 
2000 gabions, 2000 for 5000 
fascine pickets, &c., and 5000 
spare. 

f Driving, tamping, and loading 
\ mines. 

J In mining, for carrying filled 
\ hose, quick-match, &c. 
f In mining, making batteries and 
\ other field-works. 

For ventilating mines. 


For two smiths’ forges. 


f Cutting brushwood, making fas- 
\ cines, gabions, &c. 

Repairing tools and stores. 


rin mining, for making venti- 
l lating holes, &c. 

J Holdingwater to extinguish fires, 
I baling water out of mines, &c. 
Lighting mines, &c. 

Measuring mines, trenches, &c. 

Making and repairing tools. 

{ Protecting the flanks and rear 
of field-works. 


of field-works. 


J Covering bags of powder in 
\ loading mines, &c. 

In mining and tracing field-work s . 


f Breaking down defences, mining 
!_ in masonry, &c. 

/ Distinguishing the engineer 
I park. 


Sapping, and for setting up 
scaling-ladders. 

Making gabions. 

Burning in the mines. 




Letter, 
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STORES REQUIRED FOR AN ENGINEER PARK— 


Gunny, x 2Jy‘K, pieces 

H Hatcliets, hand, with 1 
helves . . . . . J 

: helves, 1 

spare . . , . . . 

; Hammers, sledge . . . 

H oolts, sap, long and short 
I Iron, bar, European ibs. 

— — - — country . ' Its. 
K Knives, laboratory . . . 
h Lanterns, dark , . . . 

: horn .... 

Lamps, mining . . . . 
Levels, ground, squares'] 
and bevels, of sorts, > 
with bo1)s . . . . J 
Line, country, seizing, 1 
skeins (50 yards) . j 

, — log,hun-1 : 

dies (50 yards) . . J 

■ feet 

Linen, dosottee, pieces . 
M Mallets, large . , . . 

— small . . . . 

Match, slow, country, \ 
bundles J 

• — quick . . . . 

Mamooties, with helves . 

— helves, 1 

spare 

Measures, powder, large 1 
and small . . . . J 

N Needles, sail and sewing . 
Nails, of sorts . . lbs. 

0 Oil, mustard . . gallons 

P Palms, steel 

Pickets, park .... 

Picks, pushing .... 
Picks, ventilating, 400 ft. 
Planks, i in. thick, and \ 
from 4 to 12 ft. long j 

1-^ in. thick, and 1 

from 4 to 8 ft. long J 

Saul, 2.^ inches 1 

thick, and from 4 to I 
12 feet long . . . J 
Portfires ...... 

Powder, ordnance . fbs, 
R Rammers, earth . . . 

Ratans, 10,000, or bundles 
Reels, camp, with lines . 


Number 
of each. 

Weight 
of each. 


lbs. 

100 

3 

100 

■ , ■ '21 

20 

1| 

6 

25 

10 

9i&4| 

* * 

400 


200 

100 

K 

10 

1 

12 

2 

40 

i 

12 

5 to 10 

50 

3| 

100 


1000 

140 

30 

3| 

50 

20 

300 

6 

4 

1 

10 

10 

2000 

7 

500 

H 

4 

6 & 4 

200 

.. 

. . 

50 


Purpose for wliich required. 


/Making cotton bags, covering 
I backs of scaling-ladders, &c. 

1 Cutting thick brushwood, large 
I pickets, &c. 

/ Breaking stones and removing 
\ obstructions. 

In sapping. 

1 Making and repairing tools and 
J stores. 

Cutting string, &c. 

\ Loading mines, serving out tools 
J and stores at night. 

Lighting mines, 

/ In minin g, and tracing, levelling, j 
X and revetting field-wmrks. j 

/Tying scaling-ladders, making 
I rope, &c. i 

Tracing. 

Marking boundary of engineerpark 
Making hose. 

Driving large pickets. 

/ Driving tracing and other small 
\ pickets. 

Lighting mines. 

Ditto ilitto. 

Intrenching, &c. 

{ Replacing broken ones and 1 
making fascines. 

Measuring powder. 


20 

.. 

100 

12 

20 

2 

100 


200 

10 to 30 

COO 

30 to 60 

120 

150 

15 

1 


5000 

Yoo 

m 

100 

15 

5 

20 


Making hose, cotton hags, &.c, 

5 0 Making mining-tubes, boxes, &c. 

/ Cleaning and preserving tools 
I and stores. 

. . Sewing. 

/Marking the boundary of the 
I pai’k. 

2 Mining. 

. , Ventilating mines. 

to 30 Profiling, mining, &c. 

, r Making mine sheeting and 
1 framing. 

150 Making powder-magazines, 

1 Firing mines. 

000 Ditto. 

1 5 1 M aldng field-works. 

/ Tying fascines and making light 
\ gabions. 

20 Tracing. 




I' i I 


! 
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STORES EEaUIRED FOR AN ENGINEER ■^KBX-^COntmUed. 


Description of Stores. 


Rope, jute, skeins of 30 
Bods, measuring, 10 feet . 

3 feet . 

— 2 feet . 

Saws, cross-cut . , , . 
— — — hand , . . , ^ 
Shovels . . . ... 

helves, spare . . 
— — mining. . . . 
Spades . . • • • • 
Spirits of wine . gallon 
Steel , ... . tfes. 
Stones, grinding, with\ 
troughs . . . . J 
Scales, large, with tri-T 
angle, &c. . . . j 

medium, copper . 

Spars, Saul, 4 in. square, \ 
and 0 to 10 feet long J 

6 in. square, } 

and 12 feet long . . J 
Tape, Newar . . yards 

Tallow .... it)S. 


Tarpaulins, 17 x 11 feet . 

Tent, laboratory, large . 
— — small . 

Tin, sheets ... . . 

Thread, cotton, coarse, fts. 

sewing, !fes. 

Twine, country, hemp, ibs. 

moonge . . ibs. 

Tools, carpenters^ . chest 
blacksmiths^, chest 

mining . chests 

W Wax, hees^ . . . lbs. 
Weights, brass . . set 
iron . . set 


Number 
of eacb. ! 

Weight 
of each. 

1500 

ibs. 

2i 

50 

31- 

50 

1 

20 

f 

2 

16 

30 

2 

1000 

4-1 

250 

2 

50 

1 ■■ 4.^., 

50 

' ' 


Purpose for wHeh required. 


Tying fascines, &c. 

► Tracing, sapping, and mining. 

Cutting up timbers. 

Cutting up fascines^ &c. 

> Sapping and intrencliing. 


4 Mining. 

5f Intrenching and cutting sods. 

7 Mining. 

10 Making and repairing tools. 

200or300 Sharpening and repairing tools. 

204 1. gfores. 


40 to 67 1 taking mine -frames ; making 
, I and repairing tools and stores. 


Tracing at night. 

/Preserving stores, greasing 
\ truck-wheels, &c. 

/ Protecting stores from the wea- 
\ ther and powder from damp, 
f Preserving stores from the 
J weather. 

J Making and repairing venti- 
\ lating tubes. 

For lamp-wicks. 

Making hose, &c. 

Sewing gunny, &c. 

I Tying casing - tubes, making 
1 gabions, &c. 

■f Making and repairing tools and 
/ stores. 

/ Mining in rock and masonry. 
/ N. B. The hew sets of tools. 

For the use of the tailors. 

/ For weighing small articles of 
\ store. 

Forweighing large articles of store. 


(Signed) Joseph Taylor, Major. 

W. R. FitzGerald, Captain. 
J. Thomson, Captain. 


Military Department. 

“ To the Officiating Secretary^ Military Board. 

Sir, 

Your letter under date the 20th instant having been laid before Government, 
I am directed to intimate that the Honourable the President in Council sees no 
objection to your taking measures for sending, in the manner proposed in your 
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* Siege-Train 
Tables for the 
Bengal Presi- 
dency** ‘ List of 
Stores for Engi- 
neers’ Park for 
Siege Purposes.* 


second paragrapli, a copy of each of tlie works noted in the marginr for the 
nse of Colonel Lewis, who is supposed to belong to the Royal, and not the Bengal 
Engineers, as stated in your letter. 

"“I am,:&c.,' 

(Signed) B, Wylme, Major, 


** Officiating Secretary to the Government of India, 
‘‘ Military Department. 


** Council Chamber, Port ‘William, 28th April, 1849. 


I 



(True copy) ** C. Scott, Captain, Officiating Secretary*” 


SIEGEj lEREGULAE.**— An irregular or accelerated attack (afiaque brusque) is 
one in which the tedious forms prescribed for the reduction of fortresses are wholly or 
in part dispensed with, and ranch judgment is required in the General and the Engineer 
to know when it may be applied with effect ; that is, to reject each form in precise 
proportion to the defects of the place or the force of circumstances, and no further; 
for there must be more or less risk of failure in operations so conducted, if applied 
in excess, whereas nothing ought to be more certain than the result of those that 
are conducted on regular Siege principles. 

Two leading causes may justify such an accelerated attack : 

I. Defects in the fortifications, or in the state of the garrison and its supplies, 
admitting of a voluntary and reasonable course of proceeding for shortening the 
operation. 

n. The force of circumstances in the condition of the army attempting the reduc- i| 

tion of the idacc, which may oblige tbe Commanding General to an irregular pro- 
ceeding that would be otherwise unjustifiable. 

Nothing can be more precise than tbe principles for the reduction of any fortress, 
and nothing more imprudent than to deviate from them unnecessarily; hut the 
ordinary deduced from those assume the fortifications to he well 

provided with every thing requisite for a good defence. 

In proportion as either of these are defective, the regular forms that otherwise 
would he required maybe dispensed with. The following are among the cases in 
which advantage may he taken of these defects : 

1. Treachery, or very culpable negligence on the part of the garrison, may admit of 
a place being taken by surprise ; but this may happen to the strongest and best pro- 
vided fortress, and is not meant to be treated of in this article. 

2. A General may be frequently justified in making an assault by escalade, where 
a place is under a combination of any of the following risks : if it has escarps not 
exceeding 24 feet in height, or wholly or in part unflanked, no revetted outworks, nor 
a wet ditch, or a garrison extremely weak in number, in proportion to the extent of 
the enceinte. 

3. If the fort or fortress is of small interior capacity, unprovided with adequate 

bomb-proof cover, and the attacking force is well supplied with artiHeiy and pro- 
jectiles, particularly well with mortars and shells, it is frequently to be reduced by v 

bombardment alone. Large populous towns have been reduced by a general bom- 
bardment directed on tbe houses, lives, and property of the inhabitants ; but this is an 
unmilitary proceeding, and in modern days considered an unjustifiable course, fi'e- 


* By Major-General Sir John F. Burgoyne, K.C.B. and E,E, 





422 SIEGE, IRREGULAR. 


quently resisted with success, when the assailant will be compelled to retire with 
odium as weU as disgrace. 

4. The rules laid down for siege operations comprise a variety of works and pro- 
ceedings for surmounting the distinct impediments that are presumed to exist for the 
purpose of retarding the besiegers. In proportion as the garrison shall be without 
the means of applying those impediments, the works defined to overcome them 
will become nnnecessary. Thus, if the strength or composition of the garrison or the 
nature of the ground will prevent sorties, such part of the parallels as serve for the 
guard and defence of the trenches will become superfluous ; and for the same reason 
the first works may he gi’eatly advanced, for the fire of the artillery will not prevent 
the trenches being opened and established very near the place. Again, if the escarps 
of the body of the place are exposed low enough to be effectively breached from a 
distance, the serious difficulty and delay of establishing breaching batteries, very 
close, may he avoided j and if connected with this disadvantage the breaches so 
formed have at the time no available flanks, and are not covered by outworks, or 
only by such as are very imperfect, the advance of the storming parties may he also 
from a distance. Although the breaches may he opened from a distance, it will not 
he done until the besieger is in a position to storm them as soon as they become 
practicable. 

5. Again, if the garrison is very short of artillery and ammunition, great liberties 
may he taken in the progress of the siege. 

Advantage ought to he taken of all such circumstances as above enumerated, under 
any condition of the army of attack, ^ — using judgment and consideration, however, as 
to the extent to which deviations from ordinary practice may be justifiable. 

Occasions, however, arise wffiere a General has only the alternative of attempting these 
irregular operations against fortifications not strictly exposed to them, or of foregoing 
important advantages that would be open to him by the reduction of the places. 

He may be essentially wanting in the necessary equipment for the siege in form, in 
quality, in quantity, or in all these ; or he may not he master of the proper season, 
or not possess a knowledge of a power in the enemy to bring against him a sufficient 
army to oblige him to raise the siege, before the period upon which he can rea- 
sonably calculate as necessary for the termination of the process of a regular siege. 
In these cases he must well calculate his means and the consequences of the enter- 
prise, which may he— 

1. The time and sacrifices that will probably be required by the most energetic 
proceedings it is in his power to adopt. 

2. The probability of success or failure. 

3. The consequences in either case, or of the alternative of the more cautious 
system of not making the attempt at all. 

No more striking illustrations of operations of this character can be given thaii 
those of the sieges in the Peninsula by the Duke of Wellington,— ail of them, by the 
force of circumstances, carried on necessarily against both rule and principle. In 
some, time could not he given for a siege in form ; in most, there was a deficiency of 
artillery means, owing to the difficulty of transport in that country; and in all, the 
Engineer departments in organization and means were thoroughly inefficient. In 
Jones's ‘Sieges' will he found many interesting lessons in these irregular attacks of 
places, exhibiting their hazardous character, and how success was so often obtained 
solely by the admirable dispositions of the General commanding, the zeal and devo- 
tion of the Officers of the Ordnance Corps, and the energy of the troops. 

J. F. B. 

Note. As Officers of the British Army are prone to apply the principles of attaques 
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hastily, the following extract is given from the Preface of Bousmard in his 
* Essai General de Fortification ; V 

^^ Les attaqiies iiTegulikes et hrusqnees de places fortes, triomphe de I’art dont 
elles semblent s^eearter, et sortir m^ine tout a fait, meritoient anssi nn article a part, 
d'une entendue proportioimee a leur importance. On montre, en quel cas elles peuvent 
etre tentees, et quelles conditions sont requises pour en faire espdrer le succes. 
Enfin, Ton s’efforce de desabuser le public, puMic m^me d^uu prdjiige 

dangereux, ne de quelques evenements dpnt on ne s’est pas assez attache d dem^ler 
les veritables causes. Ce prejuge, qu'on a vu partager meme a des gdnereiix, est, 
qu'on pent emporter d^emblee, I pen pres toute place forte, quand on consent a y 
perdre assez dliommes, pour payer ce sitcces tout ce qu’il vaut. On demontre la 
faussete de cette homicide assertion, et meme Fimpossibilite physique, dans la plus part 
des cas, de ce qui en fait le sujet.''— Pre/zzce, xx. Edition ofll^l.-^Ediiors. 



SIEGE AND ENGINEER EQUIPMENT.* — This subject, promised in 
voL i. p. 460, still remains undecided, inasmucli as there is no authorized transport 
for an Engineer Equipment in our Service, either for the field or for sieges. 

Sir Francis Head, in his work on the Defenceless State of Great Britain, reproaches 
Government for this w^ant, but unfairly, as no equipment has been proposed to the 
Ordnance Department for the Field, the Corps of Engineers not agreeing as to the 
description of the transport or the nature of equipment which should accompany an 
army on actual service. 

Tools of all kinds have been improved since the peace, and great quantities have 
been collected in store at the Tower : a Scotch cart has been proposed, and deposited 
in the same place, but no two-wbeeled conveyance will suit the field, as has been 
shewn in the article ‘ Equipment,’ MuskeUlall Cartridge^ vol. i. p. 487.t fhe Engineer 
Officers who served in the Peninsular "War w'ould seem to be satisfied with the pack- 
saddle, forgetting probably the loss of power, as the horse will draw four times the 
weight he will carry, besides the carriage, and it is time to take to the pack-saddle 
and mule where there are no roads. In the campaign of 1815, and in the Army of 
Occupation in the north of France, the Engineer Equipment was carried in Flanders 
waggons, which are inconvenient and devoid of economy in stowage ; - and, in fact, as 
a military carriage, they are unsuited for Engineer purposes. 

Next to the transport question in importance is that as to what should be the 
composition of an Engineer Equipment for the Field, whether for separate purposes 
or united: the prejudice would appear in favour of having dififereiit equipments for 
different services, so that no more should encumber the divisions of an army than is 
necessary ; t that is, an equipment for intrenching and artificers* tools, another for 
mining operations, another for the passage of rivers, and finally, one for sieges. 

The author of this article, impressed with the advantages of uniting the several 
wants in the field, has attempted, without success, to bring into use a principle of 
which the following is an outline: the principle here proposed does not pretend to 

* By Colonel Lewis, Eoyal Engineers, C, B. 

t Extract from a Heport of Artillery OfBcers, submitted to Hb Grace the Duke of 'V^'ellington in. 
1819 '; ■ . 

“ The Committee are of opinion that four-wheeled carriages, fairly horsed like our ammunition 
limber-waggons, can be conducted over every species of country where there is anything like a 
carriage-road,” 

t Who can decide beforehand what may be wanted after the first twenty miles of march in 
the presence of an enemy ?—G. G. L, 
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set aside a Bridge Equipment for tlie passage of any rivers of magnitude or import- 
ance, or for a suitable Siege Equipment for the attack of fortresses ; but to provide 
sucb a moderate equipment as can accompany the division or the advanced guard of 
an army, mthout encumbering it on the line of march, and satisfy all its wants, which 
an Engineer should supply at the spur of the moment, either for the repair of roads, 
the repair or demolition of a bridge, the passage of a river, intrenching a post or 
position, or the attack and defence of one. 

He proposes an equipment that can travel any where at a moderate speed, such 
as can be accomplished by a 6-pr, waggon; that any particular wants contemplated 
above with the division of an army may be obtained without difficulty or mistake; 
and being placed in compartments, the articles are easy of access and stowage ; and 
as it is also proposed to construct all the waggons according to one pattern, two or 
more may be detached for any service required, thus supplying the vrants of each 
division. 

Description of proposed Engineer Equipment for the Field. 

Eig. 1 represents the proposed waggon ready packed for a march ; the fore part or 
limber carries two boxes for artificers' tools, and the rear part or body the intrench- 
ing tools. 


Fig. 1,— Elevation of an Engineer Waggon, ready packed for the Field. 



Scale, 5 feet to an inch. 


Eig. 2 gives a more distinct view of the carriage, with a light bridge-apparatus 
above, and whereon a few spare articles can be placed, such as a portion of a ladder 
and a coil of rope, often wanted in field operations. 


Fig. 2.— Elevation of an Engineer Waggon for the Field, without the cover. 



Scale, 5 feet to an inch. 
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In fig. 3 a section of the hind part of the waggon with bridge apparatns is given, 
to explain the stowage. 

Fig. 3,— Section of a Waggon with Bridge Apparatus and Compartments for Tools, 



Scale, 5 feet to an incfi. 


Fig. 4 is an outline plan of the compartments of the waggon, to shew the position 
of the tools. 

a and h are boxes for the artificers^ tools ; e, d, e, and f are the compartments 
for the intrenching tools; and the whole length of the hind part, is for long 
tools. 

3 Fig 4.— Plan shewing the Compartments of an Engineer Waggon. 



The several boxes and compartments contain the following articles : 

Box «, — A set of tools for carpenters, joiners, and wheelers. 

Box A set of tools for miners and masons. 

Compartments c, <f, e,/*, and 

28 pickaxes. 2 felling axes. 

82 spades. 1 cross-cut saw. 

4 sledgehammers. 2 fascine chokers. 

2 long shovels. 13 spare helves. 

12 hill-hooks. 

The Bridge apparatus on the superstructure is thus packed — 

2 halves of infantry pontoon, 

6 ehasses, 

9 baulks, 

besides some loose stores of 2 ladders and 1 coil of rope, lifting-jack, blocks and 
tackle. 
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Observations on the proposed Equipment. 

Commencmg with the Bridge apparatus, it is again explained that it is not in- 
tended to supersede a Bridge Equipment for the passage of large rivers, which equip- 
ment is usually in rear until wanted; hut as in most countries there are an infinite 
number of small streams, not fordable, which would impede the movement of a 
column, and the bridges occupied or destroyed, the equipment proposed enables a 
force to overcome these impediments either by a continuous bridge or by rafts. 

Colonel Blanchard^s Infantry Pontoon has been selected as the floating part, as 
preferable to any invention yet devised, but it is easy to substitute another, if a better 
one should be found, which can be packed in asmall compass. 

The principal difficulty in bridge-making is the superstructure or roadway: many 
expedients may be adopted for the floating part, but the roadway for bridges hastily 
constructed is not easily obtained : hence the equipment of baulks and chasses, as 
shewn in figs. 2 and 3, with some supply of rope, blocks and tackle, as essential to a 
bridge apparatus. 

The two halves of the floating part, as shewn in the drawing, are bolted together 
and form one pontoon, and then four halves are formed into rafts, as explained in 
article * Bridge,’ Plate VI. figs. 1, 2, and 3; the two halves, however, are available 
as a boat, fitted as the pontoon complete. 

The description of tools given above maybe modified at the option of the Engineer 
going on service, for Officers diflrer in oi)inion so much as to the precise articles, as 
well as the proportions of each, that it is impossible to meet all cases; but the 
stowage wrould be the same. 

A waggon upon the above principle was constructed by permission of the Master- 
General and Board, experimentally, at Dublin, but not adopted. At Portsmouth 
an alteration was sanctioned and executed, modifying the arrangements proposed, 
and it is now in the yard of the Royal Engineer Department at Woolwich for 
consideration, as shewn in the diagrams. 

The weight complete is 38 cwt., including tools and bridge apparatus ; and the 
cost of a similar one would be between .-6 70 and £ 80, every thing complete. 

It has been conceived that twelve waggons, as above, with two forage-carts, would 
suffice for a company of Sappers, and that sixty horses would be adequate for the 
draught on moderate good roads, thus forming an Engineer Brigade for a division or 
the advanced guard of an army, and the means of employing 1200 men in fortifying 
a post or intrenching a position, and ready to move in any direction open to field 
artillery. Or a portion may be detached for any special operation, for the destruction 
of a bridge or to barricade any passage or building. If the passage of a small 
river or a canal became necessary, it might be accomplished by rafts, if too wide ; if 
narrow, a bridge might be constructed in a few minutes, and by uniting the brigades 
of two or three divisions of an army, these facilities would be increased in pro- 
portion. , ■ . . . . ■ 

In conclusion it should be added, that the plan of an Engineer Equipment for 
actual service, as here proposed, is not derived from a sudden thought taken up 
at the moment, but the result of many years’ attention to the subject, practically 
carried out to a small extent. With this explanation the equipment is left to 
time and opportunity to be brought into use. 

G. G. L. 

Woolwich, October 6, 1851. 
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The dnm ofm MiUtary Seo-etary are the general correspondence vrith the 
Commander-in-Chief, and the appointment and promotion of the Officers of the 

^"The peenliar constitution of the government of Her Majesty’s Land Forces arises 
from the natural jealousy of a free State, where the people are averse to mihtary 
government, and are willing to distribute the patronage and control among as many 
independent departments as possible, without absolutely impeding the^ working of 
the system. During peace, the several duties, comprising Permnel, Finance, and 
MatMeJ, do not clash, and being under the control likewise of the Sovereign and a 
responsible Government, the business of the army is earned on v^hout difficulty. 

As adjuncts to the Staff at the Horse Guards, are the Medical Dep^ment, the 
Chaplain General’s Department, and Judge Advocate’s Department, subject to the 

control of the Coinmander-iE-Cliiefe _ .. . . 

These Departments are attached to the head-quarters of an army, orthe ffivisions 
of an army in the field, in the colonies, and in the several military districts at home, 

each having a 

Deputy or Assistant Quarter-Master-General j 

,, Adjutant-General; 

Military Secretary; 

Senior Medical Officer ; 

Gommissary General; 

Commanding Officer of Artillery ; 

Commanding Engineer ; 

the four last being Heads of Departments, reporting likewise to the Chief of Depart- 
ments in England ; but the duties of the first are identical with those ome Horse 
Guards, with the addition to the Adjutant-General of the regulataon of the supply 
of musket-ball ammunition, and to the Military Secretary of recording the expendi- 
ture authorized by the Commander of the Forces. •, 

The Officers of the Quarter-Master-General’s Department m the field have especial 
duties intrusted to them, which the foUowing order of the late 
Murray, Quarter-Master-General, to his Officers in the Peninsular War, will explain. 

“The foHowing points are to be particularly attended to by an Officer of the 
Quarter-Master-General’s department attached to a division of the army or to any 

“ He ^ to be at all times informed of the strength of the corps to which he is 
attached, what detachments have been made from it, on what service, and to wha 

is to be generaUy informed in regard to the supply of the troops with provi- 
sions and forage, to know whence the supplies are drawn, whethm the issues are 
regular, and what means of conveyance are attached to the division or is within 
r^h of being applied to its use either for commissariat purposes or for other services 
that may occur. 

“ He will attend to the division being kept complete in articles of camp equipage, 
intrenching tools, mules, and such other equipments for the field as are aUowed, and 
he will collect and transmit to the Quarter-Master-General the returns which regiments 
are ordered to give in, monthly, of articles of field equipment, a form of which return 

is annexed (B). , , . 

“ It is the duty of the Assistant Quarter-Master-General to allot the quarters of the 

division when it is cantoned, and to fix upon the ground which it is to occupy when 
it is encamped or hutted, or when the troops are to bivouac. 


STAFF. 


429 


When the wliole dimion/ or a consid^^ part of it, is to be quartered in the 
same town or village, it may save time to divide the houses into lots, and allow the 
several corps to draw for them (unless some particular distribution of the troops has 
been ordered), making allowances afterwards for inequality of strength, as may be 
necessary. 

The allotment of the quarters of each corps in detail must be made by the regi- 
mental Quarter-Masters or other Officers sent forward by each with the Assistant 
Quarter-Master-General for that purpose; in like manner as it is their business to 
divide the ground, and mark out the streets, for their respective regiments when the 
troops encamp. 

Regimental Officers must at all times take their quarters within the district of 
the town which is attached to their respective corps. 

The General Officers who command brigades should, if possible, be quartered also 
in the vicinity of the troops under their orders. 

“ The quarters of the General Staff attached to the division should he fixed with 
reference not to their rank alone, but more especially with a view to the convenience 
of those branches of the Service which they have to conduct, and to their being near 
the quarters of the General commanding the division. 

The guns and carriages of the Artillery should be parked in some open space 
where they are not in the way, and whence there is easy access to the road: an 
Officer of Artillery should be sent forward to assist in the arrangements for that 
branch of the Service, in like manner as an Officer should be sent from each regiment 
and department. 

“The Gommissariat Department should be placed in a situation where the carts 
and mules attached to it, or the making the issues to the troops, will occasion the 
least possible obstruction and embarrassment. 

“A guard-room should be marked in the situation most convenient for the pur- 
pose, and alarm-posts should be assigned to the several corps; it will rest with the 
General Officers of the division to order whether or not the several regiments shall 
march to their alarm-posts on their first arrival at the cantonment, and be from 
thence distributed to their quarters. 

“ It is desirable that the Generals should each send forward an Officer of their 
personal staff to mark their quarters, as it must frequently happen that the Assistant 
Quarter-Master-General is prevented by his other duties from making the best selec- 
tion for them that the place affords. 

“ It will depend upon circumstances whether or not the Assistant Quarter-Master- 
General can precede the march (which on all ordinary occasions, however, he ought 
to do) long enough to enable him to complete all the arrangements above mentioned 


before the arrival of the troops. 

The Assistant Ouarter-Master-General should lose no tin 
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tliat no improper interference and no delay in providing for the accommodation of 
the troops take place. 

When a division marches, it will he the hiisinesa of the Assistant Quarter-Mastex*- 
General (if not previously sent forward) to see the column formed, and to take care 
that the several corps, the artillery, the baggage, &c., are all in their proper places, 
and that there are no unnecessary intervals during the march ; he will he with the 
advanced guard (if not otherwise ordered) ; he will cause all obstacles that would in- 
terrupt or delay the march of the troops to he moved out of the road, and will order 
such temporary repairs as are necessary, and as can he effected by the pioneers at the 
head of the column. 

** In most ordinary cases, however, the repairs of roads, bridges, &c., requisite to 
facilitate the march of troops should be done by the people of the country, upon an 
order to the magistrates from the General or other Officer commanding in the neigh- 
bourhood, for that purpose. 

^^When the division is to encamp, it is the business of the Assistant Quarter- 
Master-General to point out the ground to he occupied, and shew how it is to he 
taken up : he will ascertain and point out how the troops can enter the camp with 
the greatest ease, where wood and water are to he found, and what communications 
must be opened either between the several corps of the division itself, or to enable it 
to communicate with other divisions on either ffank in front or in rear. 

^‘On ordinary marches, it will in general be unnecessary to take up as a military 
position the ground to be occupied, and it will be better to place the troops in such a 
manner as will be most convenient for wood and water, for shelter, and for moving 
into the road again on the next march i the troops will, by such attentious, be saved 
from a great deal of unnecessary fatigue, in which view also they must never be kept 
waiting for their quarters or their ground of encampment at the end of a march, as 
all arrangements that depend upon the Officers of the Quarter-Master-GeneraVs 
department ought (except in extraordinary cases) to be completed before the troops 
arrive, 

'^An Assistant Quarter-Master-General employed with a division of the army 
ought to have an interpreter, and he will he allowed to charge his pay in his contin- 
gent accounts, having previously reported the rate of pay to the Quarter-Master- 
General, and obtained his sanction for it. 

** He must he constantly provided with guides also, when the division is in the 
field, and more especially if it is moving or acting separately from the body of the 
army, so that in the event of any sudden movement of the whole division, or of any 
detachment from it, either during the day or night, guides may be always at hand: 
such should be selected, if possible, as are not only capable of shewing the road from 
one place to another, but as are also men of intelligence, and who have a general 
acquaintance with the neighbouring country: these guides ought to be obtained 
through the magistrates of the country ; when permanently attached they should 
have a fixed pay per diem, but when employed for a temporary purpose they should 
be paid in proportion to the distance they travel, or the nature of the service they 
are employed upon, or other circumstances, and according to their being mounted 
or on foot; all guides who are detained for a day or more should have rations 
drawn for them: guides taken from village to village on ordinary marches need 
not he paid. 

The other charges which the Officers of the Department are allowed to make 
against the public are specified in the instructions respecting the mode of making out 
their contingent accounts. When Officers of the Department have occasion to issue 
routes for the march of troops or convoys, or to individuals, they are to be made out 
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according to form : an entry is to be made of all routes, and copies are always to be 
transmitted at the time of tbeir being issued, or as soon after as possible, to the 
Quarter-Master-General, and likewise to the Officer commanding at the station to 
which the corps, the convoy, or individuals are proceeding. It wiE be sometimes 
necessary to report the march also to some intermediate stations through which 
troops are to pass, especially if their number is considerable, in order that prepara- 
tion may be made accordingly, 

(Signed) Geo. Mubbat, Q. M, 

Cizrtoo, JDee. 2»d', 1810.” 


Return of Field Equipment for Camlry Regimmts* 


Received since 
last return . 


Serviceable 


Unserviceable 


Wanting 


Camp Equipage. 


IntrencMng 

tools. 


Fack-saddics and mules. 


N.B.— The return for Infantry Regiments is the same, omitting the columns marked («). 

The especial Duties of the Commissariats — ^When in the field, this department has 
the custody of the military chest, the supply of every thing necessary for the pro- 
visionment and forage of the army, and of advances to the several departments, — ^the 
supply of money, the transport of the troops, and the establishment of depots and 
magazines for furnishing the several wants. In the Colonies, the Commissariat has 
the charge of the military chests, the negociation of bills to keep up the supply 
of money, and it makes advances to Paymasters for the troops, and to the Heads of 
Departments for their disbursements : it contracts for provisions for the troops, and 
issues the same in detail, as likewise it purchases all articles obtained in the colony 
or foreign possession. This Department is under the orders and is responsible to the 
General or Officer commanding for the execution of its duties at the various stations 
abroad. But the Commissariat is also responsible to the Treasury for all its acts, to 
whom it reports on all points of service, and the Officers of the department are 
dependent on the Treasury for promotion and appointment, and the organization pro- 
ceeds and emanates from the Treasury. At Home, the services of the Commissariat 
are little required, beyond giving assistance in the administration of the Treasury 
branch of that department, and auditing the accounts. 


Hi 


lit 






432 


STATISTICS. 


iBI 


'M.v ■ 


The duties of the Officers commanding the Artillery and Engineers^ at head-quarters, 
forming part of the Stalf of the Army, are to convey instructions of a departmental 
nature to the several detachments of those corps, and to afford information to the 
General commanding upon all points connected with their duties. These duties are 
explained under the articles ‘ Engineer' and ‘Equipment.' 

The Senior Medical Officer in a similar manner affords information to the General 
commanding of the sick and wants of his department, establishes dep6ts for the sick 
and wounded, and controls and secures the officering of the whole medical depart- 
ment. , ■■■■ 

In Foreign Service, the Military Staff is under one head, the Chef d'Etat Major, 
and the Etat Major is mostly educated expressly for its respective duties. Except 
the Artillery and Engineers, we have no special school of instruction for the Staff of 
the Army, and the appointments for the Quarter-Master-General, Adjutant-General, 
and Military Secretaries, as well as personal Staff of General Officers, are mostly taken 
from the Line. 

The object of this short sketch is to give the composition of the Staff of the 
British Army, rather than an explanation of its duties, which can only be acquired 
in the held. On actual service, activity and intelligence are the chief essentials, and 
a General commanding either a division, a corps, or an army, can never move a force 
successfully and without confusion, unless he has intelligent Officers on the Staff to 
direct the movements, and who possess also a perfect knowledge of the country. 

The General himself must remain or be near his troops, but the Staff will have 
previously learnt the nature of the country, and guide and provide for their move- 
ment in all unforeseen difficulties.-— G. G. L. 

STATISTICS.'^— The statistics of a subject^ the facts connected with that 
subject, and the art or science of statistics, consist in so arranging those facts as to 
exhibit them in the clearest hght, to shew their connection with or dependence on 
each other, and so grouping them in heads, or sub-heads, as to reduce the leading 
principles to as small a number as possible. Thus in Natural History we have orders, 
classes, genera, species, and varieties, several of each lower denomination being con- 
tained in the one next above it. The same may be said of every other science. The 
observations, and the clear record of those observations, form the first process of the 
Statistician, while the laws to be deduced from them, and the application of those 
laws to individual or special use, are the rich reward of his labours. 

It is needless to say that the value of observations depends chiefly on their accuracy, 
and the degree of intelligence as well as care with which they are collected, lest by 
the omission of some peculiar phenomenon, easily observed at the time, the value of 
the series or collection be impaired; and from this it will be seen that the statistical 
observer ought to possess a certain degree of knowledge of the science for which his 
collections axe made. It is not indeed absolutely indispensable that the collector of 
vital statistics should be a Physician ; nor that the collector of the statistics of trade 
and exchange should be versed in Political Economy; hut there can be no doubt that 
his observations will be more useful, and his labours will be of a higher order, if he be 
conversant with their object and with the uses which will afterwards he made of 

* It has 'been proposed to detach these corps from the Ordnance, and place the persowweif under the 
Cotomander-in-Chief at the Horse Guards ; but the personnel and materiel of the Ordnance corps 
and the construction of military buildings are so blended that the separation would injure the 
perfect equipment and organization of Artillery, and affect the responsibility of the Engineer 
Department.— G. G. L. 
t By Captain Larcom, R. E, 
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tHem ; and not only the immediate object, but objects connected or cognate with it, 
because so intimately blended are the numerous sciences, that none can be exhausted 
without contact with others. 

Individual exertion, however, is, generally speaking, so much more profitable when 
confined to one pursuit, that it is frequently sought to combine this advantage with 
the advantages of extended inquiry, by centralizing the observations of numerous 
collectors on a general and uniform system, rather than by the labour of one observer 
on many subjects. This is accomplished by the circulation of queries and forms, the 
answers to which are afterwards to be generalized and combined in one place, and 
ibis is the more necessaiy the more extensive the subject, particularly when new or 
recondite in its nature. In this manner our brother Officers, as a body, may be most 
useful whenever it may be thought desirahle to circulate such for any particular pur- 
pose. Of this we have a distinguished example, in the magnetic and meteorological 
observations which for some years past have been simultaneously carried on at 
numerous stations carefully selected all over the world, the British Colonial portion 
of which has been executed under a distinguished officer, Colonel Sabine, of the 
highest scientific attainments, by Officers of the Boyal Artillery, acting on instructions 
and forms previously prepared. No subject is at first more variable and more subject 
to disturbing causes, many of which were indeed unknown, yet we have begun already 
to see the results of this combined exertion, in which the British observations have 
borne so prominent a part, and already the multiplied facts have grouped themselves 
around laws which will shortly bring tbeir object within the domain of the exact 
sciences. But numerous as the stations are at which observations have been made or 
are in progress, they are still far short of the number of our Colonies, and there is not 
one in which such observations would not be useful. Instruments are now to be had 
at moderate prices, with full and clear instructions for their use. The relative mor- 
tality of colonies has also been the subject of extensive inquiry^ by the Medical 
Officers of the Army and Navy, with great credit to themselves and benefit to the 
country. In the article on Geognosy and Geology, in the second volume, Lieut.-Col. 
Portlock has pointed our attention to a subject of great practical as well as scientific 
importance, in which our combined exertions may advance a common end — a subject 
on which that Officer speaks from experience, as well as with the authority of exten- 
sive knowledge of the subject ; and there is none perhaps of greater utilitarian scope, 
nor which, with its cognate branches of Natural History, will more amply reward the 
inquirer, by opening new objects of contemplation and interest at every step. These 
noble sciences have themselves indeed long passed beyond the category of statistical 
inquiiy, but they may he aided by it, and they lead to those of an industrial and 
social order, in which the field is comparatively untrod, and in which the labours of 
the statist are eminently required. The value of a colony to a commercial country 
depends either on its productions, or its naval and military position in regard to more 
productive districts, for which it may form an entrepot, a place d*arraes, a halting- 
place, or coaling ddp5t. An exact knowledge of those productions, or of those cir- 
cumstances, and of the changes which take place, or which may be made in them, 
becomes of the highest importance. 

The first general consideration in regard to a Colony would be its natural condition, 
or that in which it has passed from the hands of its Maker, and here we have exact 
sciences to aid us, — its position on the earth's surface in latitude and longitude, and 
its interior topograiffiical delineation, now rendered easy to us from the number 
of officers and soldiers of the Corps who have been trained on the Survey, The 
Geologist and the Naturalist follow, and these preliminary mvestigations, on which 
aU subsequent inquiries can best be based. Without them we should be in danger of 
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proceeding on an useless quest : with, their aid, and the ligM they afford, we shall 
easily discern the object which the colony is most fitted to fulfil, and our statistical 
inquiries will he directed to the best means of forwarding that object. The resources 
of the country will perhaps be of a mineral nature, or they may be commercial, or 
agricultural, or its advantages may be of a purely military nature. 

The * physical means ^ by which these may be facilitated should next be considered,— 
those which the Government may he expected to perform or assist, as public defences, 
buildings, lighthouses, roads, or harbours, and those which may safely be confided to 
individual enterprise, as machinery, or the more immediate means of industry ; next, 
the class of labour most lihely to be useful; and here the subject of colonization and 
convict labour, now prominent in the public mind, may be largely aided by our 
observations. It would be idle to send the colliers of Newcastle or Carlisle to 
the pastures of Sydney, or the agricultural population of the South Downs to the 
coal-pits of Cape Breton, The price of the several descriptions of labour, and of the 
commodity produced by it, at the present and in former times, is the best guide 
to the class of inquiries which deals with the lahour-market. The extent to which 
raw produce of every kind can be advanced in the various steps of manufacture 
through which they pass, before they are fitted for the use of man, should be 
carefully observed. To a certain extent this operation can be performed with 
advantage on the spot; beyond that extent it will, generally speaking, be more 
profitable to export or exchange the commodity. On all these points price is the 
certain guide, and no economical inquiry, whether of production or manufacture, can 
be complete without it. 

The social position of a colony involves other considerations, and requires a 
different class of inquiry. The first subject would probably be an account of the 
population, British and native. Security and protection are the next and indis- 
pensable elements, without which organized society cannot subsist. In a colony 
these usually depend upon the mother country, aided financially by the colony, 
and they are more or less alike in all. Next in order is the administration of justice 
and law, and the degree in which the native customs or courts are employed. 
Education in all its branches should be the subject of careful examination, as well 
of the native as of the British population, and industrial or agricultural education as 
well as literary or intellectual. The religious institutions and establishments may 
he the bond of society and the fountain of truth and peace, or the source of heart- 
burning and discord. Immediately connected with these wifi, he the institutions of 
a benevolent order. They address thenaselves to the relief of physical suffering, 
whether in the form of disease or indigence, as those of religion and education 
do to the moral and mental wants of the community. The hospitals, the manner in 
which they are supported, the number of patients, the relative and absolute pre- 
valence and extent of the various diseases, may easily be observed Or obtained. 
Tliese form the principal heads of this branch, while to the sufferings of poverty 
there are generally also modes of alleviation which should be recorded in connection 
with the social state of the people. 

It would be impossible briefly to describe the numberless subjects of inquhy which 
coine within the range of statistic research, nor can it be supposed that every one 
'will he able or be disposed, even if time and opportunity permitted, to enter upon all 
of them. But there are few Officers who will not find interest in one or more. 
Having chosen his subject, he would find no difficulty in procuring examples and 
instructions, and in the Editors of the ‘ Corps Papers* is certain to have brother 
Officers able and willing to counsel or direct him, and present the results of his 
labours in an tmiform and digested state. 
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The social and industrial condition may, however, be considered the branches 
of this subject which most naturally devolve on the statistical inquirer, being the 
most readily expressed in numbers, though few will be found to dissent from the 
more general application of the term which has been given in the commencement 
of this article, more especially in reference to the pursuits and means of information 
of the class of Ofiicei's for whom these volumes are compiled. Regarding, for 
example, the ultimate collection of colonial memoirs as an object w'orthy of the 
‘Professional Papers,^ or similar military works, Officers who feel difficulty in 
entering upon all the branches of so comprehensive a subject, and yet find every 
branch dependent upon the others, and all to some extent resting upon the first 
points, above adverted to, viz, the natural condition, as divided into geography 
and natural history, and influenced by the objects and destination of the colony, 
may leave these heads, wliich are elsewhere treated of, and enter upon the more 
numerical subjects, perhaps in somewhat the following order. 

1. Population , — of which an authentic census is generally taken periodically; but 
this will be very imperfect if merely confined, as used formerly to be the case, to 
enumeration only. As much as a disciplined army of small numbers is superior to a 
rabble of fifty times its amount, so is a well-ordered community to one in the reverse 
condition ; and as a general rule, to which of course there are exceptions, we may 
usually, when we hear of a country being over-peopled, assume that it is in reality 
only ill-organized or mismanaged. If such were not the case, the density of popula- 
tion would he the best possible measure of the security, wealth, and industry of a 
country ; and, however dense the population, the country would not be over-peopled. 
The degree in which it is so is, therefore, a measure of its weakness ; but we must 
take a sufficiently large view of the word country, and not limit it to a mere district. 
We must also look to the circumstances and condition of the people, not merely to 
their numbers. The clue to these circumstances may generally he found in a skil- 
fully conducted census, or in carefully sifting and digesting it afterwards. 

A few^ leading proportions may easily be borne in mind, and they are convenient as 
comparative tests. The number of male and female births are usually as 106 to 100. 
In the first month one-tenth will die. At 5 years of age, more than a third are 
gone; at 10 years of age, more than half. The male deaths will preponderate in 
early life, so that at the age of from 14 to 15 or 16 the numbers of the sexes will 
have become equal. This is also the age above and below which the gross num- 
bers will be nearly equal to each other, in a population increasing in an arithmetical 
progression of 1*3 annually. The soundest condition of a population is that in 
which the greater number are maintained in the working age, while a population 
which has a large proportion of its numbers at ages either so young or so old as to 
require maintenance or support, instead of contributing to it, is obviously a source of 
weakness to the state. 

It is therefore necessary, in any enumeration of a people, to divide them into ages, 
distinguishing the single years up to 5, then passing to 10, and continuing in tens 
upwards. The number of persons divided by the number of families gives generally 
about 5 to a family, — and that number ought also be the number to a house. But 
the words family and house require definition ; the former should be understood to 
mean one or more persons living on their own means of suppprfc, and may, in a large 
average, include servants. The latter is, strictly speaking, the accommodation occu- 
pied by that party — not one set of walls and roof. ^ House accommodation^ is there- 
fore a better designation than House ; and the important matter to investigate in this 
respect is the extent of such accommodation which every family enjoys, divided into 
as many classes as may he found convenient or suitable to the country and climate. 
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Houses may be classified according to the number of windows, as indicating the num- 
ber of rooms {i. e, magnitude), the quality of the walls and roof, with any other cir- 
cumstances which measure size and quality in a particular country. The house may 
then be placed in a first, second, or third class, in regard to each of these conditions, 
and ultimately in its general class as resulting from the component classes. 

Having thus classed the houses, it is necessary to know the number of families 
living in each, and to resolve what accommodation each family enjoys, compared to 
the accommodation of single houses of smaller dimensions. Five or six families, for 
example, in a first-class house would be as ill-accommodated as if aU were in third or 
fourth class houses, and so on. 

It is also of importance to observe the occupations of the people. It has been 
usual to make two great classes — agricultural and manufacturing. This broad dis- 
tinction has been adopted in our own country, and has its utility as marking the 
transition of a community from the one to the other state with advancing knowledge 
and wealth. But it is obvious that after a time the distinction is more apparent than 
real, and is not based on any philosophic view, as agriculture is itself a manufacturing 
process. A sounder distinction is into primary and secondary manufacture, according 
as we deal with a first production of raw material, or the advances of the material by 
a second or third process. In a colonial population this would become more appa- 
rent, and tbe occupations of the community would in many cases be neither the one 
nor the other, in their strict sense, but combining both; as it would be difficult to 
separate, for example, the boiling of sugar on a sugar establisbment from the growth 
of the cane, which is clearly agricultural, on the one hand; or, on the other, from 
the ultimate refining, which is afterwards carried on in England, and is as clearly 
manufacturing. These great divisions at home have grown out of the destination of 
the country to supply subsistence, food, and clothing to the inhabitants in return for 
their labour. The destination and object of a colony will furnish, in like manner, a 
guide to the best classification for the occupation of its inhabitants. 

2. From the population we may pass to the constitution of the laws which govern 
it and afford protection and security. These in regard to a colony are of two kinds : 
First, from external aggression by the garrison and means of defence supplied wholly 
or in part from the mother country ; but frequently aided by the colony at least in 
expense. The strength of the garrison during war and during peace, and the naval 
force, if any, form the chief subjects ; and a siiccinct account of any occasion on 
which their sufficiency has been tested. Second, from internal confusion either by 
military rule, or by tbe local government of a legislative or executive assembly, and 
by the administration of law — whether British, native, or foreign. The statistics of 
crime here naturally occur, which it is usual to divide into two heads, as committed 
against person or against property. Keturns of these may generally he collected or 
procured, and they should always be connected with the age at which committed, 
and the extent of education of the criminal, wdth circumstances of season and 
climate. It is known that the tendency to crime is greatest at about twenty-five 
years of age, and it has been supposed that as education extends, the crimes against 
property predominate over those against the person. But if education be confined to 
the lower elements of its merely intellectual branch, it is probable all classes of crime 
will rather increase than diminish. We only furnish tbe criminal with better weapons 
and better means. The crime against property will be greatest where tbe greatest 
irregularity of property prevails. Climate and seasons also influence tbe extent and 
class of crime materially. So far as European inquiry has extended, crimes of violence 
are most abundant in the south, and those against property in the north. The 
seasoi^s are somewhat similar in their effects. Age and sex also influence crime. 
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The greater strengtli of tlie male leads to violence, the reverse leads females to 
poisoning or fraud. Age is of all causes the most influential. Crime increases with 
age till the strength of body is complete, but does not decay as rapidly, though its 
direction changes from violence to fraud. But Man is influenced by the moral 
physical circumstances in which he is placed as much as by his organization, and the 
former are largely within our own control* Grime is a measure of the care and 
development they have received and are receiving. 

3, Education. 3 , Education, in its three divisions, religious, intellectual, and industrial, is a 
subject to which all enlightened minds devote themselves with eagerness, and the 
4 extent to which it prevails, or the facility of obtaining it, in any community, is 

I always to he sought for. Numbers may be easily given in tabular forms, and the 

funds hy which schools are supported ; but the class of instruction is yet more 
important. The books which are read, and the class of persons hy whom the 
instruction is afforded, with the manner of affording it, are more important: nor 
should education be considered as ceasing with childhood; to he effectual, it must 
coutihue to the very close of life, varying only in its nature and object. Public and 
private libraries, scientific and literary institutions, come all within the category of 
education, and more than all the religious and moral instruction not only of children 
but of the adult community. In regard to children, the number between the ages of 
5 and 15 is usually about a quarter of the whole community, and at least half that 
number ought to be at school at any given time at which an enumeration is 
made. That proportion would still be small, but it would afford hopes that during 
the whole 10 years every child may have passed half its time at school. 

4. Benevolent institutions also challenge our attention : they address themselves 
to the relief of inevitable suffering, whether from sickness or poverty. The most 
palpable are hospitals, houses of refuge, or similar institutions, but benevolence 
exerts itself in a thousand forms, not less valuable because unobtrusive; and the 
extent to which it prevails in any community, the proportion in which it is fostered 
or supported by the Government, by endowment, or by private means, may generally 
he ascertained : the amount of funds devoted to these purposes, whether by endow- 
ment, by the aid of Government, or by private contributions ; these and the number 
of persons relieved should form the subject of inquiry in each case. Medical 
statistics will enter into this category, and an Officer will be well employed in 
his leisure hours if he co-operate with any Medical Officer who is pursuing this 
subject. The provision for the poor and helpless comes of course into this category, 
and there is scarcely any country in which this is wholly disregarded, even when 
not made a public measure or under state control. The Officer who engages in this 
^ inquiry will find his own benevolence awakened, and will be morally benefited by his 

exertions on the part of others, 

5. Condition. 5 . The industrial condition of a country, district, or colony, will of course depend, 
in the first instance, on its natural-modified, assisted, or retarded, by its social- 
condition. It may be indicated externally by its commerce with the mother country, 
or neighbouring countries, and internally by the maternal prosperity of its inhabitants* 
Of the former, the imports and exports, and places to and from which they are con- 
veyed, — of the latter, wages and prices, are the truest indications. Local weights and 
measures, and their difference from the standards of Great Britain, as well as the 
monetary arrangements and local currency, are also to he noticed. In regard to 
land, the tenure, the manner in which rent is paid, whether in proportion to the 
produce, as one-third, one-fifth, or more or less, or by a fixed sum of money ; and 
whether hereditary, quasi-hereditary, or continuous tenure, or mere tenure at, will, be 
most prevalent ; — the division of the land, the mode and class of cultivation, and the 
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rdative productions of different crops, and the manures used or required imple- 
ments of husbandly, the breeds of cattle, the introduction of peculiar grains or roots, 
and the country from which they were first brought the size of farms, and class 
and amount of produce grown on each class. In regard to commerce, its nature and 
object; by what steps or parties carried on; how far beneficial to the producers of 
the commodity, the intermediate trader, the colony, or the mother country, — always 
remembering that wealth, whether in an individual or a country, is the possession of 
that which others want, and security for that possession or its exchange. 

6. In the individual, moral rectitude and honesty, ability, industry, intellectual 
and physical strength, are the sources of wealth, — ^in the community, the advantages 
of nature in climate, soil, and geographical position, with the aid of social institutions 
affording full development of those resources. 

It has not been sought to encumber this brief abstract with printed forms of 
queries or Tables, which rather encumber than assist The means by which alone 
inquiries can be successfully conducted by single individuals, are reflection and study 
on the part of the individuals who conduct them; and meehanical substitutes, how- 
ever useful when applied to a limited space or particular object, and circulated 
for that purpose, are, when applied generally, in danger of attaining only a dull 
uniformity at the cost of diminishing original thought I’evf men who think 
long and clearly on any subject, will be at a loss for the most appropriate vehicle 
or form in which to embody the results of these labours.— T, A* L. 

August 25, 1851, 
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SECTION I. — MECHANICAL ACTION PRODUCED BY STEAM. 

1. The instrument by which steam accomplishes this is almost invariably a piston, 
moveable in a cylinder. 

A cylinder is a tube or pipe, but much larger in its diameter, in proportion to its 
length, than tubes or pipes usually are. Thus a common proportion for a cylinder is 
three feet in diameter, inside measure, and four feet or four and a half feet in length ; 
but this proportion is very variable according to circumstances. 

2. The piston is a solid plug, fitting the interior of the cylinder with sufficient pre- 
cision to prevent steam from passing from the one side to the other, but with 
sufficient freedom of motion to enable it to move along the cylinder Without any 
considerable loss of force to keep it in motion. 

3. The ends of the cylinder are understood to be closely stopped by lids. One of 
these lids is cast with the cylinder, and forms, in fact, part of it ; the other is 
attached to it by screws and nuts, and fitted so exactly that steam cannot escape at 
the joints. 

4. Small apertures are provided at each end of the cylinder, furnished with 
stoppers or valves, by which steam may he admitted or allowed to escape at pleasure. 

5. Now it will be easily understood, that if a blast of steam be admitted at 
one end of the cylinder it will blow the piston to the other end ; if a blast of steam 
be admitted at the other end, that which had previously been admitted being allowed 
to cs<^pe, the piston will be blown back again. 

If we liave the means, then, of taking in a blast of steam alternately at the one end 
and at the other end of the cylinder, the piston will be blown constantly backwards 
and forwards from end to end. 

. , t * By Dr, Lardner, 
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The force with which this will he effected will depend on the force of the steam. 

6. This alternate motion of the piston from end to end of the cylinder, made with 
a certain degree of force, could accomplish nothing useful if it were confined within 
the cylinder ; it must he communicated to something outside which is required to be 
set in motion. 

7. This is accomplished by an appendage to one side of the piston, called the 
pis f on-rod. This is a round rod, firmly fixed into the centre of the piston, and passing 
through a hole made in the centre of the cover or lid of the cylinder, which I have 
already described, to be attached by screws and nuts. It must move in this hole as 
the piston does in the cylinder, so tightly as not to let any steam escape, and yet so 
freely as not to require any considerable power to urge it. 

8. It will be easily understood, that to attain this object very great precision 
of form is necessary in the intenial surface of the cylinder and in the piston-rod. 
The cylinder is made of cast iron, hut the inner surface of it, after being cast, 
is reduced to a precise cylindrical form by a boring machine. This machine scrapes 
off all roughness, and reduces every part of the inner surface to an exact circular 
form, of precisely the same diameter throughout the entire length of the cylinder. 

9. The piston, which is fiat on either side and circular at its edge, to correspond 
with the cylinder, is made to fit the cylinder in steam-tight contact, and at the same 
time to move freely in it by a variety of contrivances wMch will be noticed hereafter. 
For the present it will be sufficient to assume that mechanical art, in its present state, 
enables us to construct pistons and cylinders with so great a degree of precision that 
no steam whatever shall pass between them, and yet that the motion shall be almost 
perfectly free. 

10. The piston-rod, also of iron, is turned in a lathe so as to be truly round, and 
uniformly of the same diameter throughout its length. The hole through which 
it plays in the top of the cylinder is surrounded by a packing of hemp, soaked in oil 
and tallow, which is pressed against the sides of the piston-rod; and in this way, 
whilst the motion is free, no steam escapes. 

11. The piston-rod thus partakes of the alternate motion which the piston itself 
receives, and conveys this motion to any object outside with which it may be 
connected. 

12. Thus the primary motion produced by steam power Is an alternate motion 
backwards and forwards in a straight line; but by an infinite variety of well-known 
mechanical contrivances, this alternate motion may be made to produce any other 
kind of motion that may he desired ; thus we may make it keep a wheel in constant 
rotation, or move a weight continually in the same straight line and in the same 
direction. 

13. These points will he hereafter explained; for the present we establish the 
fact that steam can by the means indicated produce an alternate force backwards 
and forwards along a cylinder with a degree of energy proportionate to the force 
of the steam, and with a degree of speed proportionate to the rate at which the 
steam can be supplied. 

SECTION II. — ^THE PROPERTIES OF STEAM. 

1. I have spoken of the piston in the cylinder being driven from one end to 
the other by a Mast of steam. This will at once suggest the r^^blance of steam to 
air. Steam possesses, in fact, a set of properties precisely the same as air : if air were 
heated to the same temperature as steam, it would, to all intents and purposes, 
possess the same mechanical properties; and if it were as manageable in other 
respects as steam is, we should have no occasion to resort to steam engines, hut 
should have nothing but air engines. Air could blow the piston from end to end of 
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the cylinder as well and in exactly the same manner as steam does. It will therefore 
greatly facilitate the comprehension of the qualities of steam to attend, in the 
first instance, to the corresponding qualities of air. 

2. Air is an elastic fluid, —so is steam. 

The meaning of an elastic fluid is one which may he squeezed or compressed into 
a less bulk ; or, bn the other hand, which will expand itself into a greater bulk spon- 
taneously if room be given to it. 

3. All fluids, however, do not enjoy this property : water does not partake of it at 
all ; it cannot be squeezed by any practical force into less dimensions than it naturally 
occupies, and whatever room you may give to it, it will not expand into greater 
volume. If air be enclosed in any vessel, it will spontaneously press on every part of 
the inner surface of such vessel with a certain force, tending, as it were, to burst the 
vessel. This is what is called its elasticity. If it be squeezed into a vessel of half 
the size, it will press on the inner surface of this vessel with just double the force; 
and if, on the other hand, it be allowed a vessel of twice the size, it will spontaneously 
expand and fill every part of such vessel, but will press on it with a diminished force, 
amounting to one-half its original pressure. 

4. In short, you may by compression reduce its bulk in any required proportion, 
and its bursting or elastic force will be augmented in exactly the same proportion ; 
and you may, on the other hand, permit it to expand to any augmented volume, and 
its pressure will be diminished in precisely the proportion in which its volume will be 
increased. 

5. All these are equally qualities of steam. 

Air is an invisible fluid, — so is steam. It is a great mistake to imagine that the 
cloudy vapour that is seen issuing like white smoke from steam vessels or boilers is 
steam ; the moment it becomes thus white and cloudy it ceases to be steam. 

These misty particles are particles of water, and not steam. If a glass vessel were 
filled with pure steam, it would be as invisible as when filled with air. 

6. Steam is air made from water. 

Air may exist in different states of density, — so may steam. In either case the 
pressure or elasticity (other circumstances being the same) is in proportion to the 
density. 

7. But as air is every where accessible and disposable, it may be asked why we 
may not use it for those mechanical purposes for which steam has proved so omni- 
potent, especially seeing that the production of one is attended with great cost and 
trouble, while the other exists in unbounded quantity, and can be had every where 
and for nothing. To answer this we must consider those qualities in which steam 
differs from air* 

SECTION III. — HOW WATER IS CONVERTED INTO STEAM, AND HOW STEAM IS 
RECONVERTED INTO WATER. 

1. If any source of heat he applied to water, the first and obvious effect will he to 
render the water hotter. 

2. But to this there will speedily be a limit. It will be found that when the water 
has attained a certain heat, no further application of heat will augment its tempera- 
ture, but it will then begin to diminish in quantity, and, as it were, to disappear ; 
and if the application of heat he continued, the water will at length altogether 
vanish. It has in this case been gradually converted into steam, which has ascended 
into the surrounding atmosphere and mingled with it. 

3. But this escape of the steam may be prevented. Let a second vessel be pro- 
vided and put in connection with that in which the water is heated, and let the 
communication’ with the external air be cut off. 
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4. The steam produced from the water may be collected in this vessel, and when 
so collected, and submitted to examination, it will be foixnd, as I have stated, to 
possess all the mechanical properties of air. 

It thus appears that the liquid water is converted into the elastic fluid steam by 
imparting to it a certain quantity of heat. 

5. One of the most remarkable changes which the water undergoes when it passes 
into the form of steam is its change of bulk, which is quite enormous. 

6. It is found that a quart of water evaporated under ordinary circumstances will 
produce about 1700 quarts of steam j but this proportion varies with circumstances, 
as we shall now see. 

7. Let us suppose that a piston is inserted in a tube, and that under the piston 
a small quantity of water is placed. Tor simplicity, let us suppose that quantity 
of water to be a cubic inch. Let the piston be arranged to press upon the water 
with a force of 15 tbs., the magnitude of the surface of the piston in contact with 
the water being a square inch ; and let us in this case put out of consideration any 
effect of the pressure of the external atmosphere, this pressure being represented 
by the 15 lbs. imputed to the piston. Let a lamp be supposed to be applied under 
the tube, so as to heat the water within. The effect of the lamp for some time will 
be merely that of elevating the temperature of the water, hut when the temperature 
shall have attained to 212® of Fahrenheit's thermometer, then the piston will be 
observed to begin to ascend in the cylinder, leaving an apparently unoccupied space 
between it and the water. The quantity of water will at the same time apparently 
diminish. The lamp continuing to act, the piston will continue slowly to ascend, 
and the water slowly to diminish, until at length all the water shall have dis- 
appeared. 

8. The piston will then be found to have ascended to such a height that the space 
below it in the cylinder will be 1700 times greater than that which the water 
originally occupied. This space, which, if seen as it might be, through glass, would 
appear empty, would in fact he filled with the steam produced from the water, 
which, like air, would be invisible. 

9. Iii this case we have supposed the steam to be produced under a pressure of 
15 lbs. on the square inch. Let us now, however, suppose things restored to their 
original state, and the piston to be loaded with SOibs., or with 15 lbs, in addition to 
the atmospheric pressure, which makes a total of 30 lbs. If the same process as 
before be repeated, it will now be found that before the piston begins to ascend, the 
temperature of the water will rise, not to 212®, as before, but to 252®; the piston 
will then begin, as before, to ascend, and will continue to ascend until all the water 
shall have disappeared. It will not, however, rise now so as to leave 1700 times 
the original bulk of the water below it, but only the half of that amount, leaving 
a space for the steam, thus produced, about 850 times greater than the bulk of the 
water. 

In short, the piston may be loaded with any pressure greater or less than that 
which we have supposed. If loaded with a less pressure, the water will expand into 
steam of greater volume ; and if loaded with a greater pressure, it will expand into 
steam of less volume. The temperature also at which the water will begin to be 
converted into steam will vary, being higher for greater pressure and lower for less 
pressure. 

10. When the pressure is doubled, the steam produced will not he of precisely 
double the density, but will not vary much from that proportion. The reason of the 
variation — small as it is — is, that when the pressure is doubled, the temperature of 
the steam is augmented, and an increase of volume due to such increase of tempera- 
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ture causes the density of the steam which results to he a little less than double the 
original density. This variation, however, is so small that we may disregard it in 
practice, and assume as a simple and intelligible rule, that the density of steam is in 
the direct proportion of its pressure. 

11. As it is of great advantage to retain in the memory the extent to which the 
volume of water is expanded when it is converted into steam, the following accidental 
proportion will be found useful; a cubic foot contains 1728 cubic inches. Now we 
shall be sufficiently near the truth, for all practical purposes, if we state that a cubic 
inch of water evaporated under a pressure of 15 fts, per square inch will produce a 
cubic foot of steam. This statement is at once so simple and so striking, that it 
cannot be forgotten. 

12. Knowing the volume of steam produced by a given quantity of water under 
this pressure, the volumes which will be produced under other pressures, greater or 
less, may be inferred with sufficient practical accuracy by the proportion already 
given. Under double the pressure, the volume would be one-half ; and under half 
the pressure, the volume would be double. Thus, if water be boiled under a pressure 
of 30 tbs. per square inch, a cubic inch of water will produce half a cubic foot of 
steam; if it be boiled under 45 tbs. per square inch, it will produce one-tliird of a 
cubic foot of steam ; and in like manner, if it be boiled under 7^ tbs. per square inch, 
it will produce two cubic feet of steam ; and under 5 tbs. per square inch, three cubic 
feet of steam, and so on. 

13. This proportion would be strictly accurate but for the fact that the tempera- 
tures at which the water boils in these cases are different ; but the difference due to 
this need not be now attended to. 

14. It may also be observed, that in general, when the water boiled is exposed to 
the atmosphere, the atmosphere itself produces an average pressure of 15 ibs. per 
square inch, which is understood to be included in the above pressures. 

15. Having thus described the manner in which water is converted into steam, let 
us now see how steam is converted into water. 

The steam which is produced from the water in the manner we have described has 
the same temperature as the water from whence it proceeds. This temperature is 
indispensable to it. The moment you deprive it of any heat, that moment a portion 
of it returns to the state of water, and by the continued abstraction of heat from it, 
it will all return to the liquid state. 

16. Let us suppose, in the tube which we have already used for our illustration, 
that after the piston has ascended, and the water has been all converted into steam, 
the tube be surrounded by any cold medium, such as a cold atmosphere, the lamp 
being in the mean while withdrawn; immediately a dew will be formed on the inner 
surface of the tube, and the piston will begin to descend. The dew thus formed is 
the water reproduced from the steam, which has been restored to its liquid state, in 
small particles : these are swept down before the piston, and at length, when the 
piston shall have arrived at its original position, all the water will have re-appeared 
at the bottom of the tube. 

The steam will, in fact, have been reconverted into water. 

17. Thus, as heat is the agent by which water is converted info steam, the abstrac- 
tion of heat is the means by which steam is reconverted into water. 

This is one of the most important qualities in which steam differs from air. No 
known degree of cold is capable of converting air into a liquid, although analogy 
justifies the inference that some degree of cold, though unattainable by any means yet 
known, woiddieffect this. There are some airs, in fact, on which art has produced 
this effect, but it has never been accomplished on the atmosphere, 
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18. It is precisely this quality, giving us the power of reconverting steam into 
water at pleasure, which enables us to use steam so extensively for naechanical pur- 
poses, and deprives air of the same mechanical utility. 

SECTION TV.— THE MECHANICAL EFFECT PRODUCED BY THE CONVERSION OF 
WATER INTO STEAM. 

1. The most common and general method of estimating the mechanical effect of 
any agent is hy stating what weight it would raise a certain height, or to what height 
it would elevate a given weight. Thus, if we are told that such or such a mechanical 
agent is eapable of raising ten tons a foot high, we have a distinct notion of its effi- 
ciency as a moving power. In this view of mechanical effect, it will he seen that we 
omit the consideration of time altogether ; whether it be produced in a minute or in 
an hour, the mechanical effect accomplished is the same. We shall consider it in 
reference to hereafter. 

Now the questions I propose to examine are these : 

2. What amount of mechanical effect is produced when a given quantity of water, 
as a cubic inch, is converted into steam ? 

3. To what extent, if at all, is .such mechanical effect influenced by the pressure 
under which the water is evaporated or boiled ? 

4. Let it he remembered, that in all cases the water is supposed to he boiled in a 
close vessel, furnished with a valve loaded with a given pressure, so that the steam 
produced from the water shall have a pressure equivalent to that of the valve; in fact, 
according to our supposition, it must open the valve to escape, and consequently its 
force must he in equilibrio with it. But for our present purpose we shall recur to a 
mode of illustration which will be more easily apprehended. Let us, as before, 
imagine a cubic inch of water placed in the bottom of a tube of indefinite length ; a 
piston being placed in such tube, resting on the water, and so fitting the tube as not 
to permit the steam to escape. Let us suppose this piston, in the first instance, to 
press on the water with a force of 15 ibs., the surface of the piston in contact with 
the water having the magnitude of one square inch. 

5. According to what has been already explained, it will be understood that when 
heat is applied to the water to convert it into steam, the piston will be forced up- 
wards, to give room to the steam thus formed. Now, it has been shown that the 
room which the steam will thus require will be 1700 times more than its original 
volume in the liquid state. If then the section of the tube be a square inch, the pis- 
ton will be raised 1700 inches high, in order to make room for the steam which will 
be produced. Thus a weight of 15ibs. will he raised 1700 inches, or about 142 feet. 
The mechanical effect evolved in the evaporation of a cubic inch of water under these 
circumstances is therefore equivalent to 15 its. raised 142 feet high. But 15 lbs. 
raised 142 feet high is equivalent to 142 times 15 lbs. raised one foot high, or to 
2130 lbs, raised a foot high. Now this weight is very nearly a ton, and as we are not 
here concerned with minute fractional accuracy, the following remarkable fact will 
follow, and may easily be retained in the memory, 

6. A cubic inch of water converted into steam will produce a mechanical force 
sufficient to raise a ton weighi afoot high, 

7. But it may be objected here, that we have supposed the wata: evaporated under 
a particular pressure, and therefore at a pai’ticular temperature : may it not happen, 
therefore, that if evaporated under a different pressure and at a different temperature, 
a different mechanical effect will ensue ? 

To ascertain this, let us suppose the piston to be loaded with 30 lbs. instead of 
15 tbs. We have already seen that in such case it would be raised to only half the 
height, for the steam produced would have double the density. Now 30 lbs. raised 
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71 feet is exactly equal to ISibs. raised 142 feet, and the same consequences would 
follow at any other supposable pressm-e* 

8, The above maxim, then, is general, and it may be assumed that in the evapora- 
tion of water the mechanical effect evolved is independent of the pressure under 
which the evaporation takes place, and is always at the rate of a ton raised one foot 
for a cubic inch evaporated. 

9. It may be well here to observe, that this is the entire mechanical force evolved, 

and that it must not be supposed that this effect is practically produced by every 
cubic inch of water evaporated in the boiler of a steam engine ; a considerable pro- 
portion of this force being absorbed by friction and other causes of the waste of power 
before the can be produced. 

SECTION V. — THE^MECHANICAL EFFECT PRODUCED BY THE CONVERSION OF 
STEAM INTO WATER. 

1. We have seen that a cubic inch of water makes a cubic foot of steam at the 
common pressure. If, then, a close vessel be filled with steam at this pressure, and 
be so exposed to cold that the steam it contains shall be converted into water, it will 
only occupy a cubic inch for every cubic foot of steam which the vessel previously 
contained. In fact, the vessel which was previously filled with steam will now have 
only a small quantity of water in it, the remainder of the space being a vacuum. 

2. It is this property by which steam becomes instrumental in doing, by the mere 
agency of temperature, what is done by the expenditure of so much labour in air- 
pumps and common water-pumps. 

3. By whatever agency a vacuum can be produced, by the same agency a given 
mechanical effect will follow; for if a piston be placed in the tube in which the 
vacuum be created beneath it, the pressure of the atmosphere will diive the piston 
down with a force of 15 ibs. for every square inch in the section of the piston. In 
air-pumps and common water-pumps, where the vacuum is created by pumping out 
the air, the amount of mechanical force expended in producing the vacuum is equi- 
valent to the amount of mechanical force which the vacuum itself produces when 
made ; but when a vacuum is made by converting steam into water, no mechanical force 
is expended in producing the effect; and consequently steam thus produces a mechanical 
agent in its reconversion into water, as well as in its production from water. 

4. A cubic foot of steam having a pressure of 15 lbs. will therefore, by being con- 
verted into water, produce a mechanical force equivalent to that which a cubic inch 
of water produces when converted into a cubic foot of steam. 

SECTION VI. — HOW MUCH HEAT IS NECESSARY TO CONVERT WATER INTO STEAM. 

1. Recurring again to the same mode of illustration, let us suppose the tube and 
piston as before, a cubic inch of water being below the piston ; and let us imagine a 
lamp burning in a perfectly uniform manner under the tube, so that it shall impart 
heat to the water at an uniform rate. Let us suppose, at the commencement of the 
process, the water to be at the temperature of melting ice, but without having any 
ice in it. Let the time be then observed which shall elapse from the first moment of 
the application of the lamp to the moment at which the water begins to be converted 
into steam, and let us suppose this interval to be an hour. The application of the 
lamp being continued, as before, let the process of evaporation go on until all the 
water shall have been converted into steam. It will then be found that the time 
necessary to complete the evaporation will he 5^ hours. 

2. From this then it follows, since we suppose the action of the lamp to have been 
unifonh, that to convert a given quantity of water into steam requires 5 | times as 
much heat as would be necessary to raise the same water from the freezing to the 
boiling point* 
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3. This is a fact of such capital practical importance that it ought to be engraven 
on the memory. 

It follows from it, that if a given weight of fuel is consumed in raising a quantity 
of water from the freezing to the boiling point, 5-^ times such weight of fuel will 
.be consumed in converting the same water into steams 

4. There is another point of view in which it is both interesting and important to 
regard this fact. 

If a thermometer be immersed in the steam which shah have been produced from 
the water, it will shew that the steam has the same temperature as the water s thus, 
if the water were boiled under the usual pressure of 15 ibs. per square inch, its tem- 
perature would be 212"’ ; the same would be the temperature of the steam into which 


it would be converted. 

5. But it will be naturally asked in this case, what has become of the enormous 
quantity of heat which has been supplied by the lamp? If in an hour, while the 
lamp was raising the water from 32® to 212°, it imparted to such water a quantity of 
heat sufficient to raise it 180° higher in its temperature, it must have imparted an 
equal quantity of heat in each succeeding hour, and in 5-1 hours it would of course 
have imparted as much heat as would have added 5-|- times 180°, or 990°, to 212°, 
the temperature of the water, supposing the latter not to have been converted into 
steam ; the water would thus, had it not been converted into steam, have been raised 
to the temperature of 1202°, or about 400° hotter than red-hot iron. But in the 
present case, in which the water passes from the liquid to the aeriform state, no 
augmentation of temperature has taken place at all; the steam which has received, 
and which actually contains all this enormous amount of heat, being no hotter than 
the water which contained nothing of it. Where is the heat then ? And why is it 
not felt or indicated by the thermometer ? 

6. The answer to the first question is easy. It can he practically proved, as we 
shall presently shew, that the heat is in the steam. But the second question reaches 
one of the final points of science, and cannot be answered. The heat wMch is in the 
steam, and yet neither sensible to the touch nor indicated by a thermometer, is said 
to be latmt, 

7. But we must not be deceived by the use of this word ; it is merely a name given 
to the fact that the heat is not sensible, hut it discloses to us no reason for that fact. 

8. It is assumed that the heat has been employed in converting the water from the 
liquid to the aeriform state, and being employed in maintaining the water in such 
state, is not sensible to the thermometer. This, however, is after all hut another 
mode of stating the fact, and is no explanation of it. 

9. I observed that the 990° of heat is in the steam, though not sensible to the 
thermometer. We might perhaps be justified in considering this as proved, inasmuch 
as the lamp must he supposed to impart heat uniformly during its action, but we can 
give a very decisive practical demonstration of it. 

10. Let a cubic foot of steam of the temperature of 212°, which has been pro- 
duced from a cubic inch of water, he supposed to be contained in a close vessel. 
Let 5-| cubic inches of water at the temperature of 32° be injected into this vessel. 
This cold water, mixing with the steam, will reduce the steam to water, or, to iise a 
technical term, will condense it, and we shall find in the vessel 6^ cubic inches of 
water; namely, the 5| cubic inches which were injected, and the cubic inch which 
was contained in the vessel in the form of steam, occupying a cubic foot, but which 
has now become water, and occupies only a cubic inch. These 6|- cubic inches of 
water will have the temperature of 212°; that is to say, the same temperature as 
that of the steam which WuS con.! msed. 


2 G 




VOL. HI. 


446 


STEAM ENGINE. 



Now it is evident that in returning to the state of water, the steam has given out 
as much heat as has been sufficient to raise the hi cubic inches of ivater which were 
injected into the vessel from to 212° ; and yet the cubic inch of water into 
which such steam has been converted has itself the temperature of 212°, being the 
same as that which it had when in the form of steam. It is clear then that the 990° 
of heat which were in the steam are now in the 5^ cubic inches of water which were 
injected, and have raised tliis, as must necessarily have been the case, from 32° to 212°, 

11. It is therefore demonstrated that steam has in it as much heat insensible to 
the thermometer and to the touch as would be sufficient to raise 5^ times its own 
weight of water from the freezing to the boiling point. 

12. This result has an important relation to the economy of steam-power. The 
heat supplied by any fuel of uniform quality, and used in an uniform manner, will be 
proportionate to the quantity of such fuel consumed. It follows, therefore, that it 
requires 6^ times as much fuel to convert water into steam, supposing the process to 
commence with the water at 32°, as would be pfficient to boil the same quantity of 
water. If the process be supposed to commence at the more ordinary temperature of 
60°, then a still greater proportion of fuel will be necessary for evaporation. 

13. I have supposed throughout this exposition that the wat er has been evaporated 
under the common pressure of 15 tbs. per square inch, and at the temperature of 212° ; 
hut it may be asked, what would be the result if the process were conducted under a 
different pressure and at a different temperature? Might it not happen that the 
evaporation would he effected with a greater economy of heat, which wonld he an 
important fact in the application of steam power ? 

14. Such, however, is not the case. It is found that no matter what the pressure 
may he under which the process is conducted, the same lamp, or other uniform 
source of heat, acting on the same water, will take exactly the same time to convert 
it into steam. It is true that the quantity of what is called latmt heat will be 
different, and will be diminished as the pressure is increased. Thus each degree 
which is added to the temperature at which the water boils by increase of pressure 
will he subtracted from the latent heat of the steam. The manner in which this 
remarkable fact is usually expressed is, that the sum of the latent and sensible heats 
of steam is always the same, namely, about 1200°, 

15. Thus if water be evaporated under such a pressure that its boiling point shall 
be 400°, then the latent heat of the steam produced from it will be 800°; if it be 
evaporated at 300°, the latent heat will he 900°, and so on. 

16. This is curious ; but the important fact is, that the consumption of fuel in the 
conversion of water into steam is the same, whatever be the pressure of steam pro- 
duced. 


SECTION VII. — THE MECHANICAL FORCE OF STEAM BY ITS EXPANSION. 

1. We have seen how a piston is urged from one end to another of a cylinder with 
a definite force by allowing steam to flow in upon it, and that increased efficacy is 
given to this by creating a vacuum on the side towards which the piston moves. The 
steam in this case is supposed to flow from the boiler, and to press the piston for- 
ward with a certain uniform force. The piston advances because a fresh portion of 
steam which enters the cylinder requires more room, to give it which the motion of 
the ifiston is necessary. 

When as much steam has entered in this manner as is sufficient to fill the cylinder, 
then the piston will be driven to the extreme end of it. Now, it is weU to observe 
that in the production of this effect no quality proper to steam, or which distinguishes 
steam from any other fluid, is concerned. 

If a liquid (water, for example,) were made to flow into the cylinder with the same 
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pressure and in tlie same quantity, it would produce precisely the same effect ; in fad, 
the steam acts thus not because it is an almtic fluid, but because it is a fiuid^ and is 
urged from the boiler with a certain force. 

2. I now come to notice, however, a mode of action in which steam performs what 
an inelastic fluid could not perform ; one, in short, in which it produces a mechanical 
effect in virtue of that property which steam enjoys in common with air and other 
gaseous fluids, and in which inelastic fluids, such as water, do not participate. 

3. Let us suppose that the steam flowing into the cylinder acts upon the piston 
with a certain definite force, as one ton, and continues so to act as long as it enters 
the cylinder. 

4. Now let let us imagine that when the piston has been thus pushed to the middle 
of the cylinder, the aperture at which the steam enters is suddenly closed, so as to 
prevent any fresh supply. The piston will then be no longer pushed forward by any 
increased quantity of steam coming from the boiler. It will nevertheless be pressed 
by the elastic force of the steam, just as it would be by the elastic force of air under 
the same circumstances ; it will still be pressed on by a force of one ton, supposing 
that no adequate resistance obstructs its motion. It will not therefore come to rest, 
but will continue to advance. As it advances, the steam, expanding into a larger 
space, will acquire a proportionally diminishing elastic force, and will press on the 
piston with a force less than a ton, in exactly the same proportion as the space occu- 
pied by the steam is greater than half the cylinder. Ultimately, when the piston 
arrives at the end of the cylinder, the steam, which originally filled half the cylinder, 
will fill the whole cylinder; and the pressure upon the piston, which was originally a 
ton, will then be half a ton. 

5. It appears evident, then, that while the piston is thus moved through the latter 
half of the cylinder, it is urged by a continually decreasing force, which begins with 
a ton, and which ends with half a ton. 

6. If we could calculate the average amount of this moving force, we could at once 
declare the mechanical effect which is produced through the latter half of the cylinder 
in virtue of the expansive power of the steam. 

7. At first view it might appear that the average pressure must be a mean between 
the original pressure of a ton and the final pressure of half a ton, and that such mean 
would therefore be three-quarters of a ton. But such a conclusion would be erro- 
neous. 

8. The method of calculating the exact average of a force decreasing in the manner 
we have described requires principles of the higher mathematics. By the application 
of these principles it appears that the exact average of the varying pressures, in the 
case we have described, would be 1545 lbs. 

9. The mechanical effect, therefore, obtained in this way from the expansive action 
of the steam would be equal to 1545 tbs. driven through a space equal to half the 
length of the cylinder. It appears, then, that nearly 75 per cent, has been added to 
the original mechanical efficacy of the steam by this expedient. 

10. It may be asked wb ether there be any limit to the application of this principle. 
It is known that other fluids, having the same natural properties as steam, are capable 
of expansion indefinitely, and it might at first be imagined that there is no limit to 
the augmentation of the mechanical force which might thus be obtained from steam; 
but practical considerations shew that there are not only limits, but comparatively 
narrow ones, to its application. 

11. It will be observed that the piston, which is urged by the force of expansive 
steam, is acted upon by a continually diminishing power of impulsion. When tim 
pressure of the steam becomes by expansion less than the load which such piston 
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drives tiiroiigTi the intervention of machinery, including the natural resistance of the 
machinery itself, then it is clear that the moving power will cease to be efficacious, 
and that the piston must come to rest. 

12. The inertia of the machinery may continue the motion somewhat longer than 
the moment at which an equilibrium takes place between the resistance of the load 
and the pressure on the piston, but this effect must soon expire. 

13. The expedient by which the expansive principle may be most conveniently ex- 
tended is to use, in the commencement, steam of high pressure and great density; 
such steam may allow of considerable expansion before it loses so much of its force 
as to be reduced to an equilibrium with the resistance to the piston, 

14. In all cases the expansive principle evidently involves a continual variation in 
the impelling power of the piston. 

Now, it seldom happens that there is any similar variation in the resistance wdiich 
the piston is required to overcome ; and in that case an irregularity of action would 
ensue. In the commencement, the energy of the impelling force being greater than 
the resistance, an accelerated motion would be produced, and towards the end, the 
impelling force becoming less than the resistance, a retarded motion would be the 
effect. A great variety of contrivances have been suggested by mechanical inventors 
to equalize this varying action, — 

15- The most common and the most beautiful of wffiich is This is a 

heavy wheel of metal, well centred, and turning upon its axle with but little friction, 
so that the force necessary to keep it in uniform motion is inconsiderable. The vary- 
ing action of the piston is transmitted to this wheel. When the impulsive force is 
greater than the resistance of the load, the surplus is imparted to the wheel, to which 
it gives a slight increase of speed. Owing to the great mass of matter in the wheel, 
an increase of speed which is scarcely sensible absorbs an immense amount of moving 
force. When the impulsion of the piston by the expansion of the steam becomes less 
than the resistance, then the momentum of the wheel acts upon the load, and that 
portion of surplus force which was previously imparted to it is given hack, and the 
wheel assists, as it were, the piston in moving the load when the latter becomes 
enfeebled by the extreme expansion of the steam. 

16. The fly-wheel is thus, as it were, a magazine of force which gives and takes 
according to the exigencies of the machinery. When the moving force is in excess, 
the fly-wheel absorbs the surplus ; when the moving force is deficient, the fly-wheel 
gives back what is absorbed. 

17. Cases occur, however, in the arts in which the resistance to be overcome by 
the piston is of a gradually decreasing nature. In such cases, the expansive action of 
the steam, being also gradually decreasing, may be kept in equilibrio with the work 
without the intervention of the equalizing action of the fly. Thus if the piston work 
a pump by which a column of water is raised, which column flows off at the top, the 
length of the column, and therefore its weight, is greatest when the buckets of the 
pump begin to ascend, and least when they arrive at the summit of their play. The 
weight in the buckets is in this case of continually decreasing amount, like the de- 
creasing force of expanding steam. 

18. But, in most cases, some equalizing contrivance is necessary where the expan- 
sive principle is extensively used, and where anything approaching to uniform action 
is necessary. 

19. The expansive action of steam is applied in steam engines in various ways, but 
by far the most usual is that which we have described in the above illustration, by 
cutting off the supply of steam at some point before the completion of the stroke. 
In some cases it is cut off at half-stroke, in some at one-third, and in some at much 
smaller fractions of the entire stroke. 
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SECTION TIII.“-HOW A VACUUM IS EEOBUCEB WITHOUT COOLING THE VESSEL 
CONTAINING:. THE STEAM.' 

1. With whatever force the piston be impelled, the effects of that force will be 
evidently augmented by an ability to produce a vacuum, or even a partial vacuum, in 
that part of the cylinder towards which the piston moves, 

2. It has been already shewn that this may be accomplished, if the cylinder be 
previously filled with steam, by exposing the steam which has filled it to the contact 
of cold. If a cubic foot of steam be reconverted into water by cold, it will be reduced 
to a cubic inch of that liquid, and we shall have the entire cubic foot, minus one inch, 
a vacuum; and therefore, for every cubic foot of steam in the cylinder we shall 
have a cubic foot of vacuum minus one cubic inch. 

3. But here we encounter a practical difficulty which long remained without solu- 
tion. If we produce the vacuum by cooling the cylinder, and thus condensing the 
steam it contains, w'e shall be obliged, on the next stroke of the piston, when the 
cylinder must be refilled with steam, to raise its temperature again to that of the 
steam it is intended to contain; for otherwise the cylinder itself would condense the 
steam intended to fill it. Now, the heat necessary thus to warm the cylinder at 
every stroke of the piston would entail upon us an enormous waste of fuel; yet to 
this waste was every steam engine exposed from the date of the invention of that 
form of the engine called the atmospheric engine, in the first years of the last cen- 
tury, until the year 1763, when Watt solved the problem condense the steam with-- 
out cooling the cylinder* 

4. Like almost all discoveries of the first order in the arts, this seems astonish- 
ingly obvious now that we know it; and one only wonders bow it Could remain 
for more than half a century undiscovered, human invention moreover being 
stimulated by the prospect of a reward which in the case of Watt proved to be a 
princely fortune. 

5. The first expedient suggested in the progress of discovery for the production of 
a vacuum in the cylinder, by the condensation of the steam within it, was to cool the 
cylinder itself by the application of cold water on its external surface. 

This process was slow, and consequently retarded injuriously the rate of action of 
the machine. Accident suggested a much more prompt and effectual method. 

It happened that a leak took place in the bottom of a cylinder, at a point where a 
supply of cold water was placed ; the water, pressed by the atmosphere through the 
hole, spirted up in a jet within the cylinder, and in an instant, by its contact with the 
steam, condensed it and produced a sudden vacuum. The unusually rapid descent of 
the piston attracted the attention of the Engineer, the cause was investigated, and 
the method of cooling the cylinder on its exterior surface was thenceforward aban- 
doned. A cock or valve was placed at the bottom of the cylinder, by which cold 
water was injected when it was required to condense the steam, and another was 
provided by which the ivater and condensed steam were allowed to escape. In this 
manner the engine continued to he worked until the application of the invention, 
which, with so many others, has conferred immortality on the name of Watt. 

6. Although the condensation by jet has the advantage, as we have stated, of being 
prompt, yet the cylinder was still cooled, and the waste of fuel attendant upon re- 
heating it still took place. It is true that a jet of water would in the first instance 
condense the steam within the cylinder without materially lowering the temperature 
of the cylinder itself; hut the effect would be that the heat of the cylinder, aeting on 
the water contained within it, would immediately reconvert a portion of such water 
into steam, and destroy the vacuum before it could take effect upon the piston. It 
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■was therefore necessary to throw in hy the jet as much cold water as was sufRcient 
not merely to condense the steam, but also to cool the cylinder down to the tempe-* 
rature of at most 100®; and even at this temperature a portion of the vapour was still 
uncondensed, which impeded injuriously the action of the machine. 

7. The invention of Watt not only had the etfect of producing an almost perfect 
vacuum, but it did so without in the slightest degree lowering the temperature of the 
cylinder. The idea occurred to Watt of placing near the cylinder another vessel 
submerged in cold water, and having a jet of cold water constantly playing within it. 
Whenever it was desired to condense the steam in the cylinder, he opened a commu- 
nication by a cock or a valve between tliis vessel and the cylinder, and immediately 
the steam, by its elastic force, rushed into this vessel, and was instantly condensed, 
leaving in the cylinder an almost perfect vacuum, and at the same time exposing the 
cylinder to no cold which could in the slightest degree lower its temperature. 

8. The vessel here described, immersed in a cistern of cold water, and having a jet 
playing in it, was called a condenser. By the continuance of the process just described 
such vessel would, after a time, not only be filled with water supplied from the jet, 
and the condensed steam proceeding from the cylinder, but it would also contain 
more or less air which would enter in a fixed form in the water, and which would he 
liberated by the warmth of the steam condensed by the water. This air would vitiate 
to some extent the vacuum in the condenser, into which it would pass in virtue of its 
elasticity. These impediments were surmounted hy the adjunction of a pump to the 
condenser, by which the water supplied by the jet and the condensed steam, as well 
as the air just adverted to, were constantly pumped out. 

9. This is called the 

10. The water surrounding the condenser, unless it were changed, would in time 
become warm, and fail to effect the condensation. This is remedied by the applica- 
tion of a pump and waste pipe to the cold cistern in which the condenser is sub- 
merged. The pump continually supplied cold water, which, by its comparative 
weight, had a tendency to sink to the bottom ; and the waste pipe, placed near the 
surface, let escape the warm water, which, by its comparative lightness, ascended : 
thus, with these arrangements, the method of separate condensation became com- 
plete. 

11. The effect of this invention, with a few others which will be described here- 
after, was to save about 75 per cent, of the fuel consumed by the steam engines as 
previously worked. Watt and his partner Boulton were content to receive, as their 
reward for this gift to the arts, one-third of the saving which they effected ; and this 
one-third proved to be sufficient to enable each of these illustrious men to leave to 
their descendants magnificent fortunes. 

SECTION IX.— THE MECHANICAl ACTION OP STEAM MAY BE AUGMENTED BY 
HEAT IMPARTED TO IT DIRECTLY. 

1. In all the ordinary applications of steam, the heat imparted is applied to water 
from which the steam used for mechanical purposes is raised. Heat, however, may 
be imparted directly to the steam itself, after it has been separated from the water, 
and, when so applied, it will augment in a certain proportion the mechanical efficacy 
of the steam. 

It has been thought by some projectors that heat applied in this way might be 
rendered more efficacious than when applied in the evaporation of steam from water. 
It may therefore be worth while to explain here to what extent the mechanical power 
of steam can he augmented in this way. 

2. It is a remarkable fact, that the effect of heat applied to air and all species of 
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gases to augmentirig their volume is precisely the same* It is found that if air or any 
species of gas he confined within a certain volmne, and that heat be applied to it until 
its temperature be raised one degree, its elastic force will be augmented by one 480th 
part of its whole amount. Thus if a certain surface of the vessel which contains it 
suffer a pressure from its elastic force of 480 lbs., the same surface will suffer a 
pressure of 481 ibs. from the temperature of the air or gas being raised one degree* 

3. Now it is still more remarkable, that the very same law applies to every species 
of vapour, that of water included. If then a cylinder containing steam excluded 
from contact with water be exposed to any source of heat, it will receive the above 
augmentation of pressure for every degree by which its temperature is elevated. 
This increase amounts, in round numbers, to one-fifth per cent, of the whole 
mechanical effect. 

4. It is scarcely necessary to say that the same quantity of fuel which would produce 
this increase of mechanical effect, applied directly to a vessel containing steam, would 
produce a greater mechanical effect, applied to a boiler to produce steam from water# 

It is therefore not necessary to dwell further on this principle, as invention has not 
yet profitably employed it in the case of steam. 

SECTION X. — HOW A PISTON IS MADE TO MOVE AETBRNATELY PROM END TO 
END OF A CYLINDER WITH A DEFINITE MBCHANICAE FORCE. 

1. It is evident that if steam can he admitted on one side of the piston, and with* 
drawn on the other, the piston will move in obedience to the pressure on the side at 
which it is admitted. 

2. If, when the piston arrives in this manner at the end of the cylinder, the steam 
which has impelled it he withdrawn, and at the same time steam be admitted on the 
other side, the piston will move back again from exactly the same cause. 

Thus to produce the alternate motion of the piston, it is only necessary to provide 
means for the alternate admission and escape of the steam at each end of the 
cylinder. 

3. This supposes two apertures of some kind at each qpd, one for the admission 
and the other for the escape of the steam i it supposes also one of these apertures to 
communicate with the boiler, where the steam is generated, and the other to com- 
municate with the condenser, where the steam is destroyed. 

4. It supposes, moreover, some means of alternately stopping and opening each of 
these apertures. 

The means whereby this is effected are very numerous. 

5. It may be done by stoppers which fit steam-tight into holes, from which they 
are lifted or drawn, and to which they are returned alternately, just as the stopper of 
a decanter would be, only that they are made more conical, in order that they may 
be more suddenly opened and closed. These are usually made of brass or gun-mctal, 
and may be ground so as to fit with great precision. 

These contrivances are called puppet valves* Those which open a communication 
with the boiler are called steam valves^ and those which open a communication with 
the condenser are called exMusUng valves, 

6. Now supposing that we are provided vrith such contrivances, and are supplied 
with the proper mechanism for opening and closing them, nothing can be more 
simple than to work the engine. 

7. Although it is not necessary that the cylinder he placed in a vertical position, 
and very often it is not so, yet, for the convenience of explanation, we shall here 
suppose it in that position, and we shall distinguish the two steam valves as the 
upper and lower, and the same with the two exhausting valves. Let us then suppose 
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the piston to begin its motion at the top of the cylinder, and let the cylinder trader 
it be imagined to be filled with steam, all the valves being closed. Let the upper 
steam valve and the lower exhausting valve be simultaneously opened. Steam will 
flow through the upper steam valve above the piston, and the steam below the piston 
will flow through the lower exhausting valve into the condenser, where it will be 
destroyed. We shall have a vacuum under the piston, and the pressure of steam 
above it. The piston will therefore descend to the bottom of the cylinder. 

8. When it arrives there, let the two valves, which have just been supposed to be 
opened, be closed. The top of the cylinder will now be shut off from the boiler, and 
the bottom from the condenser. At the same time, let the lower steam valve and 
the upper exhausting valve be opened. The steam which filled the cylinder above 
the piston will immediately rush to the condenser through the open exhausting valve, 
where it will be destroyed, and steam from the boiler will pass below the piston 
through the lower steam valve. Steam pressure will therefore act below the piston 
while there is a vacuum above it, and the piston will ascend until it reaches the top 
of the cylinder. The constant repetition of the same process of opening and closing 
the valves in pairs would obviously in this manner continue the alternate action of 
the piston from end to end of the cylinder. 

9. In the earlier steam engines this process of opening and closing the valves was 
executed by the hand of an attendant, and, like all constant mechanical action 
which depends on the human will, was done irregularly. It soon became apparent 
that the piston itself could be made to execute this with the most perfect certainty, 
regularity, and precision. Tradition says that an uneducated child, named Humphrey 
Potter, was the inventor of this improvement, by which the steam engine first 
became a self-acting and self-regulating machine, 

10. From what has been above explained it will be evident, that although there 
are four independent valves, there is in reality only a single motion, and that all the 
four may be easily managed to be connected so that the motion to be imparted to 
them may be effected by a single impulse proceeding from any convenient part of the 
machinery. 

11. When the piston arrives at the top of the cylinder, two valves — the upper 
steam valve and lower exhausting valve— are required to be opened; and at the 
same moment the two other valves — the lower steam valve and upper exhausting 
valve — must be closed. Now as all these movements are simultaneous, it may be 
easily imagined that the four valves may be so connected that a single movement 
imparted to them should open one pair and close the other pair. 

12. When the piston arrives at the bottom of the cylinder, a single motion in the 
contrary direction will evidently effect the object to he attained, that is to say, to 
open the lower steam valve and upper exhausting valve, and close the upper steam 
valve and lower exhausting valve. 

13. These communications between the ends of the cylinder and the boiler on the 
one hand, and the condenser on the other, are often governed by means even more 
simple than the puppet valves we have just described. 

14. The two openings at each end of the cylinder are sometimes made in flat 
surfaces, over which two sliding shutters are moved, these two sliding shutters being 
connected by a rod or other solid connection, extending from end to end of the 
cylinder. By moving this rod upwards or downwards, the position of the shutters 
being properly adjusted, the openings for the admission or escape of the steam are 
covered and uncovered by pairs in the manner necessary to produce the effect 
we have described. 


15. These contrivances are called slides. 



STEAM' ENGINE* 


45S 


16. If tlie steam be used expansively, by shutting it off before the completion of the 
stroke, the times of opening and shutting the several apertures will not be the same. 

17. The opening by which the steam is admitted will in that case be closed at the 
moment when the piston has completed a certain part of the stroke, and the 
valve for the admission of steam at the other end must hot be opened till the end of 
/the stroke.,''"' 

18. When a cylinder is so worked, there will then be three epochs in each stroke 
at which the valves must be acted upon, — at the commencement when the steam is 
first admitted to impel the piston, at some intermediate point when its influx is 
stopped, and at the extremity when it is let in on the other side. If puppet valves 
be used, such as we have first described, each moving independently of the other, it 
is easy to conceive how these effects may be produced; but even with slides they 
are also managed by so adjusting the slide to the opening, that by two successive 
motions, made at different points of the stroke, the effect is produced. At the com- 
mencement, the slide being advanced through a certain space, the steam is admitted 
On the one side of the piston and withdrawn from the other; at an intermediate 
point, the slide being further advanced, the influx of steam is shut off, hut the efflux 
on the other side still permitted ; at the termination of the stroke, another movement 
of the slide admits the influx on the other side, and the efflux on the opposite side. 

19. There is another class of contrivances for governing the admission and the 

emission of steam, which are called These are similar in their mechanical 

construction to the common water cock. A solid metallic cone with the point cut 
off is capable of revolving in a hollow cone which it fits steam-tight. This solid 
cone is pierced with two or more passages, the openings of which, by turning the 
cock, may be brought to coincide with corresponding openings in the hollow cone in 
which it revolves. In this way steam may be admitted to or allowed to escape from 
the cylinder in a manner exactly similar to that by which a liquid is enabled to flow 
from a vessel by means of a common cock. 

20. The application of this expedient evidently supposes the practicability of 
bringing the openings for the influx and efflux of steam communicating with the top 
and the bottom of the cylinder to the same point ; but there is no difficulty in this. 
It is only necessary to provide tubes or passages, leading from the point where the 
cock is placed to the top and the bottom of the cylinder, through which the steam 
may pass to or fro. 

21. A practical objection to this expedient is, that at each stroke as much steam is 
lost as fills such passages, inasmuch as such steam has no effect in working the 
piston. A source of waste is therefore produced, expressed by the proportion which 
the contents of these passages bear to the magnitude of the cylinder. 

22. For this reason, among others, cocks or valves placed in this manner, at 
distances more or less considerable from the ends of the cylinder, are in general used 
only in small engines of short stroke. In the larger class of engines, with very long 
stroke, valves are placed at each end, close to the piston, and worked by independent 
mechanism. 

23. The action of the puppet valve, or spindle valve, as it is sometimes called, has 
in practice some advantages over that of slides or cocks; it is more prompt in 
opening and closing, and is much less likely to leak in consequence of wear ; it 
it also obviously subject to less friction, 

24. As I have already stated, these valves are conical, and rest in a conical seat, 
being ground so truly as to be steam-tight. The angle of the cone is usually 45®. 
If it be less conical, the valve is apt to get tightened in its seat ; if more so, it is apt 
to leak. 
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25. 'When slides are used, some expedient is adopted to enable them to move ^ 

against the surface with which they are in contact so as to be steam-tight. This is 

either effected by a packing of hemp soaked in tallow, or by the operation of some 
metallic surface urged by springs, technically called metallic packing, : 

26. The efficiency of the operation of the piston greatly depends on its being 
steam-tight in the cylinder. The least leakage from the one side to the other would 
cause the steam to escape to the vacuum side. It is true that, arriving there, 

it would immediately rush to the condenser so that it might not sensibly impede the i 

action of the piston, but it would still be a source of waste of power. 

27. Pistons are rendered steam-tight either by vegetable or metallic packing. 

28. A common hemp-packed piston consists of two circular metallic plates, placed i 

one above the other, and connected together by screws : in the space between these 

two plates, round the edge, is left a cavity which is filled vnth unspun hemp, or soft 
rope, called which, being wound round the piston, is compressed into an uni- 

form and compact mass by screwing the top and bottom of the piston together. 

29. This packing is pressed afterwards so as to be forced against the surface of the 
cylinder I it is lubricated with melted tallow, let down on the piston from a funnel 
inserted in the top of the cylinder, and governed by a stop-cock, so as to prevent the 
escape of the steam, 

30. In the most improved modem engines, however, metallic packing is generally 
used. Between the two plates forming the top and bottom of the piston are placed 
a number of metallic rings, one above the other, so as to fill the space bet’ween the 
two plates, and having their diameters a little less than that of the cylinder ; these 
rings are usually cut into three or four segments, the points at which each ring is cut 
not corresponding with those at which the rings above and below are cut. Within 
these segments are placed springs, which, acting from the centre of the piston, urge 
the segments ^^idnst the surface of the cylinder. The constmction of these and the 
form of the cylinder itself have been brought to such a degree of precision, that these 
pistons act with complete efficacy ; and use, instead of injuring, improves them. 

31. In all the preceding explanations it has been supposed that the steam is ad- 
mitted at either end of the cylinder at the moment that the piston has arrived there, 
and is about to commence its action in the opposite direction. In practice, however, 
it is convenient to admit the steam a little before the moment when the piston 
reaches the extremity of the cylinder ; this is attended with the advantage of assisting 
to break the shock which would attend the sudden change in the direction of the 
motion of the mass of matter composing the piston and rod, and the other parts of 
the machinery which partake of their alternate motion. The steam admitted just 
before the motion of the piston is reversed acts as a sort of cushion to receive the 
piston. 

32. These and other matters of practical detail in the operation of the engine ren- 
der the time of opening the valves a very important matter, and machinery is accord- 
ingly provided for regulating the moment of their opening with the greatest certainty 
and precision, 

SECTION XI. — HOW THE ALTERNATE MOTION OF THE PISTON-ROD IS CONVEYED 
TO THE WORKING BEAM. 

1. With few exceptions, the power exercised by the piston in a steam engine is in 
the first instance imparted to a beam called the working heam^ which is supported on 
a fixed axis, and which vibrates alternately upwards and downwards. 

Now, it may at first view appear that we might at once impart the motion of the 
piston to the beam by attaching its extremity to that of the beam by a common joint 
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and pin, laut the slightest reflection will shew that such an arrangement would he in- 
compatible with what has been already stated# 

2. It will be remembered that the piston-rod is a thick rod of iron, accurately 
formed and polished, that it is firmly attached to the centre of the piston, and that 
the construction and operation of the cylinder and piston require that the rod should 
accurately move in a straight line upwards and downwards. Now, the end of the 
beam, which vibrates alternately on a horizontal axis, will move alternately upwards 
and downwards, but not in a straight line. It will move alternately in the arc of a 
circle, the centre of which will be that of the axis on which the beam vibrates* If, 
then, we attempt to connect immediately the end of the piston with the end of the 
beam, the consequence will he that the end of the piston, following the motion of the 
end of the beam, will be moved alternately upwards and downwards in a circular arc, 
and consequently would be strained or bent, and its action in the cylinder disturbed. 

3. There are several ways of surmounting this difllculty, all of which consist in 
interposing between the end of the piston-rod and the end of the beam some piece of 
mechanism which will allow the rectilinear motion of the one and the alternate cir- 
cular motion of the other- 

4- The most simple expedient of this kind consists of a rod of metal, working at 
one end by a pivot on the beam, and at the other by a pivot on the end of the piston- 
rod. In this case, however, there would still be a liability to straining the piston-rod 
from its rectilinear motion, were it not regulated by some species of guide. A com- 
mon method of eflecting this is to attach at the top of the piston-rod a cross piece, 
so as to make with it a form like the letter T, The ends of this cross piece aremade 
to move on fixed upright rods, so that these last may resist any tendency to strain 
the piston. The joint or joints connecting the piston with the end of the beam may 
be attached to the ends of the cross piece. 

5. It is not indispensably necessary that a beam should he employed at all, and in 
some engines of small magnitude and compact form it is omitted, A rod is brought 
from the cross head of the piston directly to the object which the engine is intended 
tO'drive.,'. 

6. In many cases, and especially in the large class of steam engines used in Eng- 
land in manufactories, the piston-rod is connected with the beam by a contrivance 
called 0 , parallel motion. This is a combination of rods, so arranged and joined toge- 
ther that while one of their pivots is moved alternately in a circular arc, like the end 
of the beam, some point upon them will be moved alternately upwards and down- 
wards in a straight line. 

7. A great variety of combinations and proportions are capable of eflfecting this 
with sufficient precision for all mechanical purposes, but that which is best known as 
the parallel motion, and which is due to the invention of the celebrated Watt, is in 
principle as follows. (See figure in the next page.) 

8. Let two equal rods c b and o d be attached by pivots to two fixed points at c 
and 0 , on which they shall be at liberty to play alternately upwards and downwards 
in the circular arcs b'' and »' o'' j but let their play be limited to small arcs. Now, 
let a third rod b d be connected by pivots with the ends of the two former. 

Let a point m be marked at the middle of the rod b b# Now if c b be made to 
vibrate on its centre c alternately in the arc b' b", which will cause at the same time 
0 B to vibrate alternately in the arc b' b", it will be found that the point m will 
ascend and descend in a line m' m", which will not deviate sensibly from a straight 
line, in a vertical direction ; in fact, if a pencil were attached to the point m, and a 
surface held behind it, such pencil, by the motion of the rods, would trace a vertical 
line upon the surface. 
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Now if we imagine c b to represent the beam of the engine, and o d and b d rods 
connected with it in the manner already described, o being attached to a fixed invot, 



then the point m, being attached to the top of the piston-rod, will move with it 
freely upwards and downwards in a true vertical line, and will, through the com- 
bination of rods just described, impart motion to the end of the beam b. 

9. To demonstrate strictly this would require the application of mathematical 
principles not compatible with our present object ; nor indeed is it strictly true, in a 
geometrical sense, that the motion of the point m takes place in a straight line ; its 
deviation, however, from a vertical line, within the limits of the play given to 
the beam and piston, is so extremely small as to have no practical effect whatever. 

The general effect of the combination here described may be understood thus. 
When the point b is moved upwards to b', the upper extremity of the rod b n is 
drawn a little to the right, and at the same time the lower extremity d, being moved 
to d', is drawn a little to the left. When the extremity b descends to b'', the 
extremity n descends to d", and the ends are again drawn the one a little to the right 
and the other a little to the left. It will be easily understood that in this case, 
while the ends of the rod b n are thus alternately made to move right and left, there 
will be an intermediate point of it which will neither deviate on the one side nor on 
the other. The upper half of the rod, in fact, is continually inclined towards 
the right, and the lower half towards the left, the middle point being affected 
by neither motion, and therefore being moved vertically upwards and downvrards in 
a direct straight line. This is the principle of the parallel motion. 

10. In its practical application it appears somewhat more complicated, for in order 
to accommodate the arrangements of the beam and piston-rod, a great number 
of rods and joints are necessary to be used ; but these are mere matters of mechanical 
convenience, and have no effect upon the principle of the arrangement. 

It is therefore now apparent that the alternate motion of the piston-rod upwards 
and downwards in a straight line imparts a corresponding alternate motion to 
the end of the working beam in a circular arch. 

11. Although we have, as usual, here described the arrangements as if the cylinder 
were vertical and the beam placed over the piston-rod, this position is neither 
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necessary nor is it invariaWy adopted. Sometimes the beam is placed below the 
cylinder, and the rods of the parallel motion or connections) with the cross head and 
guides, are made of sufficient length to extend down to the beam. Sometimes the 
cylinder is horizontal and the beam vertical, and cases even occur in which it is 
found convenient to place the cylinder in an inclined position ; but all these arc 
matters of arrangement to be determined by the circumstances in which the engine 
is api>iied, and have nothing whatever to do with its mechanical principle. 



SECTION XII. — ^HOW THE ALTERNATE MOTION OE THE WORKING BEAM PROBOCES 
A MOTION OP CONTlNXIEn ROTATION. 

1. Of all sorts of motion, that which is most freq^uently required in the arts is one 
of continued rotation. Mills in factories of every kind are impelled by machinery 
which receives its motion from a wheel kept in constant rotation. 

Ships impehed by steam engines over the deep are driven by paddle-wheels 
or screws, to which constant rotation must be imparted. Carriages on railways are 
propelled by compelling one 
or more of their wheels to 
revolve continually hy the 
application of adequate power 
to it. This is so evident, that 
one of the first and most im- 
portant problems the steam 
engineer has to solve is how 
to make the alternate motion 
of the piston-rod produce the continued rotation of 
a wlieel. 

2. The contrivance by which this is effected 
almost universally is called a connecting rod and 
crank* 

The crank is an arm sometimes attached to the 
centre of the wheel to which revolution is desired 
to be imparted, and the wheel is made to revolve 
by it by the same mode of action as that by which 
a winch turns a windlass. 

Thus, if K he the centre to which motion is to he 
imparted, k i is an arm or lever fixed upon such 
centre. A pin called the is attached to 

this at I, which forms the joint by which the con- 
necting rod is united with the crank, ih is a 
strong iron rod extending from the crank-pin to the 
end of the working beam, with which it is connected 
by a similar pin. The weight of this connecting 
rod is so adjusted that it exactly balances the 
weight of the piston and its rod attached to the 
other end of the beam. In the figure the crank is 
represented by dotted lines in the different positions 
which it assumes as it revolves. As the end of the 
beam is moved upwards and downwards, the crank 
will be turned round the centre K, and a motion of 

continued rotation will be produced, which will be communicated to any w’hcel 
fastened upon the axle K. 

3. To make the action of the piston upon the crank perfectly clear, let it be snp- 
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posed tliat the piston is in its descending stroke. The force of the steam upon it is 
imparted hy the rod and the intermediate mechanism to the end of the beam which 
is drawn down. At the same time the other end of the beam, with the connecting 
rod, is drawn up. The crank is thus made to ascend from its lowest to its highest 
position, to which it arrives when the piston has reached the bottom of the cylinder. 
When the piston ascends, the force of the steam is in like manner transmitted to the 
beam by the piston-rod, which is made to ascend, and the opposite extremity, with 
the connecting rod, descends, by which the crank is driven to its lowest position 
on the side opposite to that on which it ascended, and thus a motion of continued 
rotation is produced. 

4. But in this action there are particulars necessary to be noticed. There are two 
positions which the crank assumes, in each revolution, at which the force of the piston 
can have no effect in continuing its motion : these positions are those which the 
crank assumes when the piston is at the top and at the bottom of the cylinder, the 
points at which it changes the direction of its motion. When the piston is at the 
bottom of the cylinder, the crank-pin is immediately above the axis to which the 
crank is attached : in this position the force of the piston would have no other effect 
than to press the crank perpendicularly upon the axle, and evidently would have no 
effect whatever in making it revolve. If we were to suppose then the entire ma- 
chinery at rest in this position, the steam acting on it could not put it into motion. 

5. Again, if we suppose the piston to be at the top of the cylinder, the crank-pin 
will then be at its lowest point, and will be directly under the axle : the effect of the 
steam acting above the piston would then he to press the crank-pin upwards against 
the axle, but it could have no influence in turning it. If, therefore, the machinery 
were at rest in this position, it could not be put in motion by the steam. 

In any intermediate position, however, the connecting rod would act on the crank 
with a leverage more or less effective, and would move it. 

6. The two points which we have here described, at which the crank-pin assumes 
its highest and lowest position, are usually called the dead points. 

Now it may be asked why the engine does not cease to move every time the crank- 
pin arrives at these dead points, seeing that there the moving power, however 
energetic, can have no effect on it. 

7. The answer is, that the machinery is extricated from this mechanical dilemma 
in virtue of the common property of matter called inertia^ by reason of which, when 
it has acquired any definite motion in any certain direction, it will not suddenly stop, 
even though it he impelled by no external force, but will continue to move until the 
momentum it had acquired be exhausted by friction and other resistance. 

8. Since, then, the motive power continues to exercise more or less force up to the 
dead points, the machinery, arriving at them, has some definite motion, and the 
momentum consequent upon that motion carries the crank out of the critical position 
we have referred to. 

9. But, independently of the dead points, there are other circumstances attending 
the action of the connecting rod on the crank, which are necessary to be explained. 
By the intervention of the beam, the force of the piston is transmitted to the crank- 
pin in the direction of the connecting rod. Now by observing the diagram above 
given, shewing the successive positions of the connecting rod and crank, it will 
be seen that twice in each revolution the connecting rod is at right angles with the 
crank, hut that in other positions it is more or less oblique to it ; the extremes of the 
obliquity terminating alternately in the dead points, in one of which the connecting 
rod and crank are brought into a continued straight line, and in the other the crank 
is as it were doubled on the connecting rod. 
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10. Witliout resorting to the language of technical geometry, it will be apparent 
that the action of the connecting rod on the crank is most energetic when they are 
at right angles: and that according as they become more and more oblique, and 
approach the dead points, the action becomes less and less effective. It diminishes 
rapidly in approaching these points, and is altogether extinguished on arriving at 

them. It appears then that the action of the connecting rod on the crank is subject 
to a regular variation in each semi-revolution : a maximum when they are at right 
angles, it diminishes, and at length vanishes when it arrives at the highest point; 

then, in descending, it re-appears, augments, and is a maximum at the point where 
they are at right angles ; then it again diminishes gradually, and ultimately vanishes 
at the lowest point, having passed which, it again re-appears, augments, and is a 
maximum when it assumes its rectangular attitude. 

11. Now although the inertia of that portion of the machinery which is once put 
in revolution he sufficient to prevent the motion from ceasing, and the engine coming 
to a dead lock when the crank-pin comes to the dead points, yet it is not generally 
sufficient to prevent a very great inequality of motion from arising from the cause 
which we have here explained. An expedient accordingly has been resorted to, 
which perfectly counteracts this inconvenience, and equalizes the motion. This 
expedient is the fly-wheel, which we have already described. 

12. The fly-wheel is placed on the same axle k as the crank, and it is made to 
revolve simultaneously with the crank. This wheel is so nicely balanced on its 
centre, and moves with so little friction, that it absorbs a very inconsiderable portion 
of the moving power. It is usually made of very large diameter, and its ring or 
circumference is composed of a very ponderous mass of metal. All this metal is put 
in motion by the moving power, and, from its great mass, has a considerable mo- 
mentum even when the velocity is moderate. When the crank is at the dead points, 
this mass, by its momentum, continues the revolution, and carries the crank into a 
new attitude, where the moving power exercises an influence on it. When the crank 
and connecting rod are in such position in which their action is most energetic, the 
fly-wheel absorbs a part of the moving power. As the crank approaches the position 
in which the action of the moving power upon it becomes enfeebled, the fly-wheel 
gives back to the maebinery such surplus power as it received when the action of the 
crank was most energetic. 

13. Between the fly-wheel and the engine there is, therefore, a continual recipro- 
city of action and interchange of power, which in practice completely equalizes the 
velocity; and there is in fact no perceptible difference between the speed of the 
movement at the dead points, where the moving power loses its influence, and at the 
middle of the stroke, where its action is most effective. 

14. To minds not very familiar with mechanical considerations, it may seem 
extraordinary that the intense action of the moving power upon the fly-wheel at the 
middle of the stroke should not at these points produce a perceptible acceleration 
in its motion, and a corresponding irregularity, therefore, in the motion of the 
machinery which it drives ; but it must be considered that the excessive mechanical 
force exerted at the middle of the stroke is imparted to a great mass of metal col- 
lected in the rim of a very large wheel. Now the velocity which a given force 
produces is diminished in the direct proportion of the mass of matter to which it is 
imparted : thus a force which, would give a certain speed to a ton of metal would 
give only a tenth part of such speed to 10 tons. The weight collected in the rim of 
the fly-wheel is so great that the excess of power of the engine at the middle of the 
stroke, when imparted to it, produces an inconsiderable increase of speed. But this 
increase of speed, inconsiderable as it is, is produced on the circumference of a very 
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large circle, and the mass of matter thus moved must be carried through a very 
considerable space in maldng even a single revolution. Tims, what bet^veen the 
great mass of metal collected in the rim of the fly-w^heel and the great diameter of 
the fly*wheel itself, the unequal action of the crank is rendered absolutely imper- 


ceptible. 

15. In elementary works on the steam engine, sometimes proceeding from persons 
who, however respectable their practical attainments, are deficient in mathematical 
knowledge, the crank is often represented as an imperfect contrivance, and an 
extensive source of waste of power, owing to unequal action. 

Nothing can be more fallacious than the reasoning of such writers. It can be 
demonstrated by the most strict geometrical reasoning, and the result is verified by 
experience, that in the action of the crank and fly-wheel there is no other loss 
of power than such as is incidental to the common and well-understood causes of 
friction and atmospheric resistance. 

16. Owing to such fallacious notions, much valuable inventive power has been 
wasted in attempts after the contrivance of what are called rotatory steam engines, 

A rotatory steam engine is one by means of which a movement of continued 
rotation may be immediately given to a piston, or, in other words, by which the 
powder of the steam can he immediately applied to a revolving wheel without the 
interposition of a piston, cylinder, beam, and crank. If such an application could he 
contrived without the various countervailing losses of power which have hitherto 
invariably attended such projects, it would certainly have some advantages ; but it is 
not easy to see how such an object can be attained, and at all events, notwithstand- 
ing the expenditure of a vast amount of ingenuity and capital, it has never yet been 
effected. 

17. Oases occur in the arts, in which a fly-wheel cannot conveniently be attached 
to the steam engine, and yet where uniformity of action is necessary. In such cases 
the object is usually attained by using two cylinders, which drive two cranks con- 
structed on the same axle, but having such positions that when either is at its dead 
point, the other is at its point of maximum efficiency. Thus, while the efficiency of 
one crank increases, the other diminishes, and mce versd^ and the sum of their 
actions at all times is nearly the same. 


SECTION xm. — HOW THE STEAM ENGINE IS RENDERED A SELF-ACTING MACHINE. 

1. We have already stated that this is accomplished by making the engine open 
and close, at the proper times, the valves by which steam is admitted to and dis- 
charged from the cylinder. In the earlier engines this was accomplished by a har or 
rod attached to the end of the working beam, and carried down parallel to the cylin- 
der. On this bar were attached pins, so placed that as it ascended and descended 
they struck the handles or levers of the respective valves, and opened or closed them, 
as the case might be. This method is still used in some of the larger class of 
engines applied to the pumping of water. Where slides or cocks are used (as indeed 
is almost invariably the case), they are generally moved by an apparatus attached to 
the crank-shaft, called an eccentric, 

2. This consists of a circular plate of metal b d, which is fixed upon a point g at 
some distance from the geometrical centre. Kound this eccentric point it is made to 
revolve, and in revolving it is evident that its geometrical centre, revolving round its 
centre of motion, will be thrown alternately to the right and to the left of such 
centre. 

3. Now let us suppose this circular plate to be surrounded by a ring, within 
which it is capable of turning, but so that the ring shall not turn with it. 

Then such ring will be thrown alternately to the left and to the right of the centre 
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on wliicli tiie eccentric plate is made to turn ^ and tlie lengtli of its play, right and left, 
will be equal to twice the distance of the geometrical centre of such circular plate 
from the centre on which it turns. In the figure annexed, g is the centre on which 
the circular plate revolves; c is its geometrical centre; f i is the ring which 
embraces it, and within which it can turn. To this ring is attached a grated bar 


I. M H. As the centre c is thrown alternately right and left of g by the revolution of 
the plate, the point m receives a horizontal mdtion, right and left, to a like extent. 

This motion is transmitted by means of levers to the slides or cocks of the engine 
by obvious and well-known mechanical contrivances. 

SECTION XIV.— HOW THE MECHANICAL EFFECT EXERTED BY THE PISTON IS 
ASCERTAINED. 

1. Whatever he the circumstances under which the engine is worked, it will never 
happen that throughout the entire length of the stroke the pressure of steam on the 
piston will be exactly the same. Still less will it happen that the vacuum towards 
which the piston moves will be uniformly i)erfect. 

The moment the exhausting valve is opened, the steam begins to rush from the 
cylinder to the condenser, hut its condensation is not instantaneous. The first por- 
tion which mingles with the jet produces w^arm water, from whence steam is repro- 
duced, and it is not until so much cold water has been mixed with the steam as will 
reduce its temperature considerably below 100°, that the vacuum in the cylinder 
will become practically perfect. 

2. The more speedily this effect is produced, the more eflicient will he the opera- 
tion of the machine, but it never is produced until the piston has already made some 
portion of the stroke. The piston therefore begins to move against a vapour which 
offers some resistance more or less considerable, and the impelling power of the steam 
at the other side is to such extent neutralized. This resistance gradually diminishes, 
and when the piston has made a certain portion of the stroke, it will have been 
reduced to its minimum amount. 

It is evident then that this resistance must he ascertained and calculated before we 
can determine the mechanical efficiency of the piston. 

3. But this is not all ; the steam which impels the piston never acts throughout 
the stroke with uniform effect. MTien it acts expansively, being cut off at some 
determinate point of the stroke, we have already seen that it acts with an uniformly 
diminished pressure ; hut even where the expansive principle is not used, the steam 
is still cut off a little before the completion of the stroke. 

VOL. III. 2 H 




462 


STEA.M ■KNGINBv 



4, There is still another point to he attended to. We ate ahle hy easy means to 
ascertain the pressure of steam in the boiler, but it would be a great mistake to 
assume that this must be the pressure of the steam in the cylinder. In passing from 
the boiler to the cylinder, the steam has to force its way through various passages, 
some of which are very contracted, and in so doing it suffers an effect which engineers 
express technically by the term wire^drawn. In fact, the steam loses somewhat of 
its density before it reaches the cylinder. If then we would know the real mechani- 
cal pressure on the piston, we must measure directly the pressure of the steam in the 
cylinder, and not derive our knowledge from its pressure in the boiler. 

5. If we can at each successive point of the stroke ascertain the exact pressure of 
the steam which impels the piston, and also the pressure of the un condensed vapour 
which resists it, we have only to subtract the one from the other to obtain the 
efficient pressure on the piston at the moment; and if we can do this successively 
throughout the entire stroke, we shall obtain the total mechanical efficiency of the 


engine. 

6. A beautiful little instrument was, among the numerous results of his fertile 
genius, invented by Watt for this purpose, called an indicator. (See Section xxvii., 
title * Watfs Indicator J) It consists of a brass cylinder, something less than 2 inches 
in its internal diameter, and from 8 to 12 inches in length. It is bored with extreme 
accuracy, and a solid piston moves steam-tight in it with very little friction. 

7. This cylinder is open at the top, and the piston-rod is kept precisely in its axis 
bypassing through a ring placed near the top. A spiral spring surrounds the rod of 
the cylinder, and is attached at one end to the ring through which the rod plays, and 
at the other end to the piston. When no force acts on the piston, and this spring is 
therefore neither extended nor compressed, the piston stands at the centre of the 
length of the cylinder ; when any force presses the piston upwards, the spring is 
compressed, and the piston rises ; and when any force presses the piston downwards, 
the spring is extended, and the piston descends. 

From the known mechanical qualities of a spring of this species, it follows that the 
space through which the piston rises or falls alway s indicates the force by which it is 
ui'ged. 

At the top of the piston-rod and at a right angle with it is attached a pencil, 
which plays upon a card properly placed, and traces upon it a line according to the 
ascent or descent of the piston. 

While the piston of the engine descends, the card is moved horizontally against the 
pencil through a certain space ; and while it ascends, it is moved back again through 
the same space : by this combination of movements a geometrical figure is traced 
upon the card, the breadth of which, measured vertically, represents for each point 
of the stroke the effective pressure, and the entire area of such figure represents the 
total effect. 

When the steam acts against the piston of the indicator, the space through which 
that piston ascends represents the excess of the pressure of the steam above that of 
the atmosxffiere ; and when it descends by reason of the vacuum, the space through 
which it descends represents the excess of the pressure of the afcmosphere above the 
pressure of the uncondensed vapour : consequently the sum of these two spaces will 
represent the excess of the pressure of the steam which impels the piston of the 
engine above the pressure of the uncondensed vapour which resists it ; and this being 
taken for each successive point of the stroke, it follows that the entire area of the 
figure will represent the effective action of the inston of the engine. This will be more 
clearly understood by referring to the figures, with their explanations, in Section xxvii. 

8. The chief value, however, of this contrivance consisted more in its indication of 
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the action of the condenser than as affording a direct measure of the effective action 
of the machine. It shewed at once, and in a manner quite unequivocal, whether the 
condenser was doing its duty, and whether the condensation was suiSciently prompt. 
The moment the exhausting valve is opened, the piston of the indicator ought sud- 
denly to drop; and although it will sink lower W’^hile the stroke proceeds, the chief 
motion should he instantaneous. When the condensation is not prompt, then the 
piston falls more slowly, and shews either that there is not enough water injected, or 
that some other impediment interferes with the due performance of the condenser. 

9- The best and perhaps the only practical method of ascertaining the real 
efficient force with which a steam engine acts, is to attach it to a crater pump, and 
measure the quantity of water which it is capable of raising through a given height : 
every other test hut this is fallacious. 


SECTION XT. — HOW THE HEAT IS PRODUCED BY WHICH STEAM IS MADE. 

1. The cylinder, piston, beam, connecting rod, crank, and fly-wheel, are, like all 
other pieces of mechanism, a mere contrivance by which mechanical force is trans- 
mitted and modified. There is nothing in them by which mechanical force can he 
produced. Once at rest, at rest they would for ever remain, unless some motive 
power were applied to them. 

2. This moving power, as we have already described, is derived from the physical 
phenomena which are exhibited when water is converted into steam; but even the 
water, in this case, cannot properly be regarded as any more than an instrument by 
which the mechanical agency of the heat is developed. Heat then is the prolific 
parent of the vast powers of the steam engine, and it is of the utmost practical im- 
portance to comprehend fully how this heat can he produced and applied with the 
greatest economy and efficiency. 

3. This will lead us to the consideration of those properties of combustibles on 
which the production of heat depends, and the construction of the furnaces and 
boilers by means of which its application and transmission are effected, 

4. The comhustihles universally used in the furnaces of steam engines are either 
pit-coal or wood. The former is used almost invariably in Europe, the latter is used 
in America, except in particular districts where coal is advantagedusly attainable, 

5. The constituents of coal are chiefly carbon and a gas called hydrogen, combined 
occasionally with a small proportion of sulphur and incombustible matter. 

6. In the process of combustion, the carbon, the hydrogen, and the sulphur com- 
bine with the oxygen gas, which is a constituent of the atmosphere, and other products 
are formed. In this combination a quantity of heat is developed. The incombustihle 
constituents drop from the grate, and are left in the ash-pit. The goodness of coal 
depends in some degree on the small proportion of incombustible matter which it 
contains. • 

7. The proportion of carbon contained in coal varies; in good coal it is seldom 
less than 75 per cent, of the whole, sometimes considerably more. 

8. Hydrogen cannot be said to enter as a constituent of coal in its pure and simple 
form: it is always combined with a portion of carbon, and is the gas called 
Jiydrogen, being that which is commonly used for the purposes of illumination. This 
gas may he expelled from coal by exposing the latter to heat, by which means the 
gas, expanding, is forced from the interstices of the coal, and may, if required, be 
collected in proper reservoirs. This process, applied to the coal, is called coking ; 
and it is in this manner that the gas is collected in gas-works for the purposes of 
illumination. 

9. The proportion of carhuretted hydrogen, the element which produces flame, 
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varies in different sorts of coal. The more bituminous sorts, such as those of North- 
umberland and Durham, generally have a considerable proportion ; the heavy coal 
called stone-coal, obtained in some of the coal-fields of Wales, Pennsylvania, andelse- 
'where, have very little. In all cases the proportion of this element by weight is 
insignificant. 

Carbon burns without flame, the product of the combustion being the gas called 
carbonic acid, which escapes from the fuel in a very heated state. 

10. These are the general effects of combustion ; but for the practical purposes of 
art, something more must be learned. We must ascertain with some degree of preci- 
sion the quantitative proportions in which the various elements concerned in the -phe- 
nomena are present. 

11. To begin, then, with the chief ingredient of all combustibles, — carbon, — 

This substance, when heated to a temperature of 700® or 800®, equal to that of 

red-hot iron, will enter into chemical combination with the gas called oxygen ; the 
result of this combination will be another gas called carbonic acid. In forming this 
combination a large quantity of heat, previously latent in the carbon and the oxygen, 
is rendered sensible, and is developed in two ways : 1st, in rendering the remainder 
of the carbon incandescent, or white-hot ; and, 2ndly, in raising the temperature of 
the carbonic acid which has been produced to a very high point. 

12. From the luminous or incandescent carbon the heat escapes by radiation, 
according to tlie same principles and laws that govern the radiation of light. That 
portion of it which is carried off by the carbonic acid may be taken from such gas by 
placing in contact with it any surface which is a good conductor of heat, such as metal : 
the heat of the gas will be imparted to the metal until the temperatures of the metal 
and the gas be equalized. 

13J But it is necessary to know the quantity of oxygen gas which is requisite to 
combine with the carbon. 

It is found that a pound of pure carbon will enter into combination with 12 cubic 
feet of oxygen at the ordinary temperature and pressure of the air, the result of the 
combination being 12 cubic feet of carbonic acid, this being supposed to be reduced 
to the same temperature and pressure. But as the temperature of the carbonic acid, 
at the moment of combination, is very much elevated, it will then have an enlarged 
volume. 

14. Common combustion, however, is maintained not by an atmosphere of pure 
oxygen, but by that of the common air. 

15. Common air is a mixture of oxygen and azote, in the proportion, by measure, of 
1 to 4, — five cubic feet of common atmospheric air containing but one cu])ic foot of 
oxygen. To obtain 12 cubic feet of oxygen, therefore, we must necessarily have 
5 times 12 or 60 cubic feet of common air. 

16. Supposing then (which is, however, in practice not the case) all the oxygen 
contained in the atmospheric air supplied to the fuel in combustion to enter into com- 
bination with such fuel, it would he necessary to supply 60 cubic feet of atmospheric 
air for every pound of carbon consumed. 

17. The result of this combination would be the production of 12 cubic feet of 
carbonic acid, formed by the combination of the oxygen of the atmosphere with the 
carbon, and 48 cubic feet of azote, which would be mixed with the carbonic acid so 
produced. This volume of mixed gases would escape from the fuel at a very high 
temperature, and would in this state pass into the chimney, 

18. Hydrogen gas combines with 8 times its own weight of oxygen, and the result 
of the combination is water, or more properly speaking, steam ; for it is rendered into 
the vaporous form by the great heat developed in the combustion. 
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19. We have stated that a small proportion of sulphur is present in most sorts of 
coal. In burning, this produces sulphurous gas. It is inefficient as to its heating 
power, and insignificant in its quantity, hut most injurious in its effects on boilers. 
Coal, therefore, having much of this element, should be avoided in steam boilers. 

20. To maintain the fuel in combustion, it is then evident that it must be continu- 
ally supplied with atmospheric air. The rate of this supply will depend on the rapi- 
dity of the combustion which is required, and the quantity and quality of the fuel. 
The fuel is spread on a grate, between the bars of which the air which sustains the 
combustion is admitted. In passing through the fuel, the air enters into combination 
with it, and the gases resulting from the combustion, including uncombmed oxygen 
and the azote of the atmospheric air, which last plays no part whatever in the com^ 
bustion, issue together Into the upper part of the furnace, all having a very high tem- 
perature : these proceed to the chimney, which they soon fill with a column of heated 
air, the buoyancy of which makes it ascend into the atmosphere, and the vacuum it 
leaves behind it draws a fresh portion of ah* through the grate bars, and so the com- 
bustion is continued. 

21. The azote which forms so large a constituent of atmospheric air has qualities 
in relation to combustion merely of a negative kind; it does not either check or sti- 
mulate it. Thus, as a supporter of combustion, the atmosphere may he considered as 
diluted oxygen, the azote having the same effect on the particles of the oxygen as 
water would have upon a strong spirit mixed with it. 

22 . In what has been j ust explained, the calculations are based upon the supposi- 
tion that every particle of oxygen contained in the atmospheric air, urged through 
the burning fuel, enters into combination with it. Now this is not and cannot he the 
case, even in the most approximative sense ; and therefore, to complete the combustion 
of the fuel, a much greater quantity than CO cubic feet of atmospheric air for a pound 
of carbon consumed m ust be drawn through the fire. The exact quantity wiiich is ne- 
cessary is not capable of calculation, for it depends on circumstances which vary with 
the form and structure of the grate and the mode of working the furnace ; hut it may 
be safely assumed that not less than 150 cubic feet of atmospheric air are necessary in 
ordinary furnaces for the combustion of each pound of carbon contained in the fuel. 

23. It will be understood that when the fuel is laid in a stratum more or less thiek 
upon the grate, and when rapid currents of air are ascending through its interstices, 
a quantity of the fuel, ahvays existing in the state of powder or small dust, will he 
carried upwards by the cuiTent, unburned. 

24. Besides this, as the heat expels the hydrogen gas from the interior of the coal, 
minute particles of the coal itself escape with the current, and rise above the ftiel. 
Much of this is also unburned, or, to speak scientifically, uncomhined with oxygen. 
It is this minute powder or dust, uncomhined with oxygen, that forms what is called 
smoke. The gaseous products of combustion, properly so called, have not the cloudy 
and opaque appearance which characterizes smoke. This smoke, then, is unconsumed 
fuel, and to whatever extent it is produced, it escapes into the chimney, and is a 
source of waste. It is clear, then, on the grounds of economy, indepemlontly of 
sanitary considerations relating to the neighbourhood of the engine, that the quantity 
of fuel, more or less, thus escaping should be arrested and binned before it roaches 
the chimney. 

25. Various methods have been adopted in furnaces for accomplishing this object. 
Such arrangements are denominated smoke-eonsuming furnaces; but very simple and 
obvious arrangements may be adopted in the mode of feeding common furnaces, 
which will have the effect of consuming tbc smoke. 

26. The following arrangement was adopted with complete success at the establish- 
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ment of tbe late Mr.Watt, at Solio, Birmingham, and it has been found equally effi- 
cacious wherever the fire-men have been kept under sufficient discipline to enforce its 
observance. 

27. The grate must be constructed with a slight descent backwards, to give facility 
to the removal of the fuel from the front towards the back of the grate. Let us sup- 
pose a layer of coal of the proper depth spread over the entire surface of the grate, 
and brought into vivid combustion, so that every part of it shall be incandescent. 
There will then be no smoke. 

The gases of combustion^ mixed with the azote and uiicombined oxygen of the 
atmospheric air, will alone issue from the hiuming fuel. The doors of the furnace 
being now opened, the fire-man with a proper instrument pushes back a portion of the 
fuel from the front towards the hack of the grate, so as to make a clear space across 
the front of the furnace : he then introduces a quantity of fresh fuel, which he spreads 
in a layer of a proper thickness over the portion of the grate which he has thus 
cleared, and closes the doors. The heat immediately begins to expel the hydrogen 
from the fuel thus introduced, and, technically speaking, cokes the fuel. With the 
hydrogen escapes a quantity of dust and minute portions of coal, forming smoke. 
This smoke and gas are carried by the draft to the back of the grate, wffiere the 
entrance of the flues is placed, and in passing through it is carried over the remainder 
of the fuel, which is in vivid combustion. 

28. The gas and smoke are thus burned, and this continues until the portion of fuel 
in front of the grate has been completely coked and reddened. The fire-man then 
opens the doors, and repeats the process as before, shoving this portion hack, and in- 
troducing a fresh feed. 

29. After this manner, without any special smoke-consuming apparatus, the fuel is 
completely burned, and no smoke is ever seen issuing from the chimney. 

30* To perform this, however, effectually, requires much attention and activity on 
the part of the fire-man, frequent feeding, and a careful distribution of fuel on the 
grate. 

31. In general it is difficult to enforce from such agents the necessary attention. 
The fuel in the grate is allowed to burn down, and then the doors are opened and a 
large quantity thrown in, heaped on every part of the grate from the back to the 
front ; when this takes place, a prodigious volume of black smoke is suddenly evolved, 
which is seen issuing from the chimney, and continues to issue from it until the mass 
of fuel has been coked j it then ceases, and the combustion is free from smoke until 
a fresh feed is introduced. 

32. It must he admitted, however, that the process above described, for the com- 
plete combustion of the fuel and the prevention of smoke^ is not without counter- 
vading disadvantages. 

33. Instead of large feeds of fuel at distant intervals of time, it supposes smaller 
and more frequent feeds ; instead of the fuel being quickly and carelessly thrown in, 
it is carefully distributed upon the grate bars. 

34. This supposes the frequent opening of the furnace doors, and the keeping them 
open for greater or less intervals. 

35. Cold air thus rushes in over the fuel, where it ought never to he admitted, 
and has the tendency of robbing the boiler of a portion of the heat which it ought to 
receive. 

To remedy this, smoke-consuming furnaces have frequently attached to them self- 
acting feeders. The fuel, being broken by proper machinery, is sprinkled on the grate 
by means of a hopper, and the grate itself, ^ after it has received its charge, moves 
from under the hopper by contrivances provided for that purpose. Revolving grates 
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have been sometimes adopted with this view. Such contrivances, however, not only 
introduce complexity into the machinery, necessitate expense of construction, are 
liable to become deranged by wear, but also require a portion of the moving power 
to work them. These disadvantages are to be weighed against those attending the 
operation of the simple furnace, properly tended. I have, however, known these 
self-acting furnaces, in places where fuel was expensive, in operation for years with 
much advantage. 

36. If the heated gases proceeding from the fuel passed directly to the chimney, 
they would carry with them a much greater quantity of heat than would be necessary 
to maintain the draft, and thus a portion of the heat developed by the fuel would be 
lost. To prevent this, the heated air and flame which escape from the fuel, instead 
of passing directly to tlie chimney, are conducted through passages of greater or less 
length in contact with the boiler, and made to impart a portion of their heat to the 
water before they enter the chimney. These passages are called flues^ and are very 
variously constructed, according to the form, magnitude, and application of the boiler. 

37. In some boilers the flues are made to wind round them, the external part of 
the flues being made of brickw’ork, which, being a bad conductor of heat, talv.es but 
little from the heated air and flame. 

38. The shape and proportions of hoikrs are so adapted as to accommodate them 
to such systems of flues. The great object is to adopt such arrangements as shall 
secure the transmission to the water of all the heat developed in the combustion of 
the fuel, except such portion of it as may he necessary to maintain a suflicient draft 
in the chimney. 

39. The boilers most commonly used are either cylindrical or waggon-shaped. 
The cylindrical boilers are generally long in proportion to their diameter, and their 
ends are often spherical. This shape is highly conducive to strength, but in some 
cases their ends are made flat. 

40. The waggon-shaped boilers resemble, as their name imports, an oblong waggon : 
the roof is semi-cylindrical ; the sides either flat or slightly concave, the convexity 
being inwards ; the bottom is also slightly concave. The furnace is placed at one end 
of the hoiler, having a portion of the concave bottom for its roof. The flame and 
heated air passing from the grate are carried backwards through a flue which extends 
the entire length of the hoiler. Thus, the radiant heat of the fire, issuing directly 
from the grate, strikes on the concave bottom of the hoiler, which is immediately 
above the grate, and enters the water. The flame and heated air pass through the 
flue under the hoiler to the remote end, and act upon the remainder of the bottom : 
having arrived at the remote end, they rise to a point a little above the bottom, and 
are then conducted through a flue which winds completely round the boiler; and, 
after circulating round it, the heated air is conducted to the chimney. In this way 
it will be seen that the flame and heated air traverse the length of the boiler three 
times, once at the bottom and once at each side. 

41. In cylindrical boilers the furnace is generally placed within the boiler, in a 
large tube which extends from end to end of it. In one end of this tube is placed 
the grate, and the remainder of it forms a flue. By this arrangement, all the heat 
which radiates from the fire, and even from the ash-pit, acting upon this internal 
tube, is communicated to the water. The heated air, traversing the tube to the 
remote end, imparts its heat to the water by this means, Hues circulate round the 
outside in the same manner as in the waggon boiler, 

42. In some cases more than one internal flue is made in the Roller, and the heated 
air passes alternately through the interior of the boiler in contrary directions, and is 
at length discharged into the cliimney. 
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43. Internal flues have the advantage of imparting all the heat to the water, saving 
that portion which in external flues is imparted to the brickwork. 

44. In some forms of boilers^ the grate being constructed at one end, the flame 
and heated air, instead of passing through a single internal flue traversing the length 
of the boiler, are distributed among three or more similar tubular flues. 

45. This subdivision of flues by the multiplication of the number of tubes, and the 
diminution of their magnitude, is carried to an extreme in locomotive boilers, in 
which from 100 to 200 tubes, not more than 2 inches diameter, traverse the length 
of the boiler, and divide the flame and heated air into a multiplicity of small threads, 
so as to enable the water to deprive them of their heat. 

46. With these a system of returning flues becomes unnecessary, the reduction of 
the temperature being completely effected in traversing the boiler once. 

47. In some arrangements the flame and heated air passing from the furnace enter 
a number of narrow upright cells, placed parallel to each other, and traversing the 
length of the boiler : arriving at the remote end, another tier of cells, at a superior 
elevation, is provided, by which they return. This is most commonly the expedient 
adopted in marine boilers. 

48. The multiplicity and complexity of flues, whatever be their form, have the 
double disadvantage of increasing the cost of the boiler and diminishing its strength. 
They are therefore only resorted to in cases in which circumstances exclude a great 
magnitude and weight of boiler, such as in locomotive and marine engines. In the 
boilers used in land engines, the requisite evaporating power can be obtained with 
more simple expedients, by merely augmenting the hulk of the boiler. 

49. The two great objects which are to he attained are — rapidity of evaporation 
and economy of fuel. 

50. The evaporating power of the boiler will depend (other things being the same) 
upon the extent of surface which it exposes to the action of the fire, the flame, and 
the heated air. This surface is technically divided mio fire surface andj^we surface, 

51. By fire surface is meant all that surface of the boiler upon which the radiant 
heat of the furnace acts. 

52. In the case of a waggon boiler, this is that portion of the bottom of the boiler 
which forms the roof of the furnace; but in well-constructed boilers, the sides and 
even the bottom of the furnace form part of the boiler, and contain water within 
them. In such cases they are to be reckoned as part of the fire surface. 

53. The flue surface, as the words import, is that portion of the surface of the 

boiler in contact with which the flame and heated air, proceeding from the fire, pass 
before they issue into the chimney. This surface is usually of considerable length, in 
order that the flame and heated air may be detained in contact with the boiler until 
they have been reduced to a temperature not greater than is necessary for the 
draft. . ■ ■ ■■ ■ ■ ■ 

54. Whatever be the length and arrangement of the flues, it is indispensably 
necessary they should always be below the level of the water in the boiler, for other- 
wise the heat would he imparted to the metal of the boiler without being transmitted 
to the water. Steam is a sluggish recipient of heat, and metal in contact with it 
might become red-hot while the steam itself will remain at a comparatively low tem- 
perature. 

This would accordingly be the case if the fire or flame acted upon any part of the 
metal of the boiler which has not water within it. 

55. In the economy of steam power, an object of capital importance is to protect 
the machinery from every cause by which heat can be consumed in any other way 
than in converting water into steam. A great variety of expedients have accordingly 
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been adopted for tins purpose, differing from each other in their effects, according to 
the circumstances in which the machinery is worked, 

56. A boiler being a mass of metal of extensive magnitude, raised to a very 
elevated temperature, and which naturally being a good radiator of heat, a consider- 
able cpiantity of heat w'ould be lost by the mere radiation from its surface. The 
obvious remedy for this is to surround it by some material which is a bad conductor 
of beat. 

57. One of the most effectual substances for this puipose is common saw-dust: 
this is accordingly applied with great effect in cases which do not exclude its use. 

58. The boiler and its appendages are surrounded by a thick casing, stuffed with ^ 
saw-dust, and so completely does this expedient answer the purpose, that the boiler- 
room of a Cornish engine, where this arrangement is applied, is often the coolest 
place that can he found. 

59. In marine and other engines, a coating of patent felt is often used with advan- 
tage : hemp and other fibrous and 'woollen substances may be resorted to, 

60. Locomotive boilers are cased in '^vood, which is a tolerable non-conductor. 
The cylinders of large stationary engines are also frequently cased in wood. Tbe 
steam pipes and other parts of tbe machinery containing steam are wrapped with tow 
or other similar substances. 

61. By these means the loss of heat by radiation may he reduced almost to 
nothing. 

62. ‘Where fuel is used which burns with little or no flame, such as stone-cok or 
coke, the chief effect is produced by the radiant heat, and a comparatively small effect 
by the heated air* In such cases the fire surface should bear a large proportion to 
the flue surface. In all cases the fire surface, being more active in proportion to its 
extent than the flue surface, is more liable to wear by intense heating. It may be 
said, that as the surface of the metal cannot rise to a higher temperature than that of 
the water within, and as the entire mass of the water w’ithin must be maintained at 
an uniform temperature, the fire surface cannot rise above the general temperature of 
tbe mass. This would be true if the boilers and furnaces were worked by a mode- 
rate system of combustion, the fuel being consumed very gradually and the heat 
developed slowly, so that a fierce action should not take place on any part of the 
boiler. Such is the case, for example, in the boilers and furnaces of the Cornish 
engines, where space is a matter of little importance, and the economy of fuel pushed 
to its extreme limit ; hut in other cases these advantages must be sacrificed, and a 
combustion so intense maintained in the furnaces that the fire surface becomes heated 
to a higher temperature than the water in contact with it, and to a much higher tem- 
perature than the flue surface. The formation of steam in contact with the fire sur- 
face is so rapid that its bubbles do not escape to the surface quick enough to keep the 
metal in continual contact vrith water. 

63. The metal, therefore, is momentarily out of contact with water, and has a ten- 
dency to become overheated. 

64. It is true that upon the escape of the steam bubbles just formed the liquW 
will again wash the metal and lower its temperature, hut still this effect is such (in 
the case, for example, of locomotive engines and sometimes of marine engines) that 
the fire surface is exposed to much more rapid wear by temperature than the flue surface. 


SECTION XVI. — HOW THE DEAFT THROUGH THE FURNACE OF A STEAM ENGINE 
IS MAINTAINED. ■„ 

1. The most common method of effecting this is by the ordinary expedient of a 
cliimney. 

2. When the products of combustion are allo'W'ed to flow througb a chimney of 
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sufficient height, the vertical column of heated air thus formed has a certain buoyancy 
or tendency to ascend into the atmosphere, proportional to the difference between its 
weight and the weight of an equal column of common air. This difference will be so 
much the greater as the column has greater magnitude and height, provided only 
that every part of it shall be, buUc for bulk, lighter than air. Hence obviously follows 
the necessity of a chimney in creating a draft, whether through the furnace of a steam 
engine or in any ordinary manner. 

3. In stationary engines, as used in the ai’ts and manufactures, chimneys of any 
desired magnitude can generally be attached to the engine. It is not necessary that 
the chimney should be immediately over or contiguous to the furnace ; it may he 
placed at a considerable distance from it, provided only it be connected with it by the 
proper air passages. This is often a matter of convenience in factories, and we 
accordingly see the chimney frequently erected at a considerable distance from the 
boilers and furnaces. 

4. But in numerous applications of the steam engine it is not practicable to use 
chimneys of such elevation, or so placed, and in some cases the tube provided for the 
escape of the products of combustion must necessarily he so short as to afford no draft 
of appropriate amount. 

5. Such is the case, for example, in locomotive engines : in marine engines this is 
to some extent also true, — the chimney must be comparatively short. 

6. When sufficient length of chimney is not admissible, we are compelled either to 
throw in the gases of combustion at a very high temperature, so as to make up for 
want of height in the column, or to adopt some other expedient for creating a draft. 

7. A wheel is sometimes placed in the flues where they enter the chimney, by the 
revolution of which the gases are driven up the chimney with a force proportional to 
the velocity with which the wheel revolves. This expedient is similar to a sort of 
bellows commonly used for domestic purposes, and is called 2 . fanner, and sometimes 
a Slower, A portion of the power of the engine is borrowed to keep this wheel in 
motion. In this way an upward current is maintained in the chimney of any 
required power, and the necessary draft sustained through the furnace. 

8. Another expedient is used in locomotive engines, and may always he resorted to 
where steam of high pressure is used. This consists of a jet, or, as it is technically 
called, a blast pipe, which is placed at the base of the chimney, and presented 
upwards. A portion of the steam received from the engine is allowed to escape by 
puffs, or even in a continued stream, through this pipe, and being directed up the 
chimney, creates the necessary draft. 

SECTION XVII. — HOW THE MECHANICAL VIRTUE OP FUEL IS ESTIMATED AND 

EXPRESSED. 

1. In explaining the mechanical effects of steam, it has been already shewn that 
whatever be the purpose to which the force of a steam engine be applied, its effect 
may always be represented by a certain weight raised a certain height. 

2. Whether an engine be employed to drive a mill-wheel, to propel a ship, or to 
draw a carriage, the tension or resistance to be encountered at the working point may 
be universally represented by an equivalent weight. 

3. Thus it is easily understood, if a locomotive engine draws a train of carriages, 
that the tension of the chain which connects the engine with the train will be the 
same as if the same chain, in a vertical position, had a certain weight suspended 
to it ; and the same will he true, whatever be the nature of the resistance to the 
moving power, or the manner in which this moving power may be applied. 

4. It has been usual also to express the mechanical efficacy by the number of 
pounds raised, one foot,; for whatever be the resistance, and whatever be the space 
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through which the moving power acts upon it, the effect can always he reduced, 
as has been already explained, to an equivalent number of pounds raised one foot. 

5. The mechanical virtue of coals, thus explained and applied to a steam engine, 
has been technically called duty of the fuel. Thus a hushel of coals consumed in 
the furnace of an engine will enable such engine to exert at the wording point a mecha- 
nical effect equivalent to a certain number of pounds raised one foot high : this effect 
is the duty of the fuel, or, as is sometimes said, the duty of the engine. 

6. The duty of the engine is therefore not the entire mechanical effect developed 
by the fuel in producing evaporation; for a portion of the mechanical power of the 
steam evolved in the boiler, and in some cases a very large portion of it, is expended 
in moving the machinery of the engine itself; all such portion is intercepted there- 
fore between the furnace and the working point. The duty, properly speaking, is the 
net mechanical force developed by the steam, or such portion only which is available 
for the work to which the engine is applied. 

7. The duty of engines varies within very wide limits, according to the purpose to 
which they are applied. In this respect engines may be reduced to three classes : — 
1st, Such as are used in the mining districts of Cornwall, where the economy of fuel 
is pushed to its extreme limit ; — 2ndly, The stationary engines used in the manufac- 
tories generally, in wdiich class may also he included marine engines ; — 3rdly, Loco- 
motive engines on railways. 

8. In the Cornish engines, where alone very accurate observations are made on the 
mechanical effect produced, and on the economy of fuel, it has been found, in some 
cases, that by the combustion of a bushel of coals an effect has been produced by the 
engine equivalent to 125 millions of pounds, or, what is the same, 62,000 tons raised 
a foot high. This, however, is not to he understood as an average result. In ])ro- 
ducing it, the utmost care w^as taken to guard against every source of waste of 
power. 

9. The more common duty obtained from a well-managed engine used in the 
mining districts has been from 80 to 90 millions of pounds, or at the rate of one 
million of pounds raised one foot for every pound of coal consumed, — a result re- 
markable enough in itself, and easily remembered. 

10. In the ordinary stationary engines belonging to the second class, where the 
same scrupulous attention to economy cannot he or is not paid, the duty, according 
to the commonly received estimate, is in round numbers about 20 millions of pounds 
for a bushel of coal, being four times less than that of the good Cornish engines, and 
six times less than the duty which has in certain cases been obtained. 

11. In the locomotive engines worked on railways the economy of fuel is of course 
still less; but in this application of the engine the economy of fuel becomes a consi- 
deration so subordinate that it need not be enlarged on here. 

12. The great economy obtained in the engines used in Cornwall is the result of a 
variety of contrivances, some of which, such as the protection of the machinery from 
radiation, have been already mentioned. The boilers are constructed of extraordinaiy 
magnitude, in proportion to the power expected from them ; the furnace is of pro- 
portionate size; the combustion is slow; the heating surface is very extensive, and 
the intensity of heat upon it very slight; the dues are of great length, and the heated 
air is not permitted to escape until the last available portion of heat has been ex- 
tracted from it ; the fuel is managed in the furnaces with the most extreme care, the 
combustion being perfect. Added to all this, the steam is used at a pressure of from 
35 to 50 lbs. per square inch above the pressure of the atmosphere, and the expansive 
principle extensively applied, 

13. In giving these last estimates of the duty of fuel in the engines used in the 
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Hiauufactures generally, it is right to observe, that owing partly to the difficulty of ascer- 
taining the actual mechanical effect produced, and partly to the negligence of proprie- 
tors of engines, the estimates of duty are of the most loose and inaccurate description. 
When an engine is applied, as is generally the case in Cornwall, directly to the elevation 
of water or other heavy matter, it is easy to observe the mechanical effect it produces ; 
hut when an engine is applied to give motion to the works of a factory, to drive 
spinning-frames, power-looms, or printing-presses, it is not so easy a matter to reduce 
the effect it produces to an equivalent weight raised a given height. In the case of 
locomotive engines the same difficulty ought not to exist ; yet it is surprising that 
until a very recent period errors the most monstrous prevailed respecting the real 
mechanical effect produced hy these machines. It was, for example, long assumed as 
a maxim, that the resistance offered by a given train of carriages to a locomotive 
engine was independent of the speed, or, in other words, the same at all speeds. 
This error was not brought to light until the year 1838, when it was demonstrated, 
by a series of experiments conducted by me, that the resistance was augmented in a 
very high ratio with the speed. 

SECTION xvm. — HOW THE POWEB. OP AN ENGINE IS ESTIMATED AND EXPRESSED, 
AS DISTINGUISHED PROM ITS DUTY. 

1. The duty, as we have seen, is the practical effect produced by a given weight of 
coal, without reference to time. Thus, whether a bushel of coal raises 20 millions 
of pounds a foot in one hour or in ten hours, the duty of the engine is exactly the 
same. But the power of the engine is quite different. 

2. The power of the engine is estimated by the mechanical effect it is capable of 

in a given time. 

When steam engines were first brought into use, the work to which they were 
applied had been previously done by horses who worked the mills. It was convenient, 
therefore, and indeed indispensahle, to express the mechanical capabilities of these 
machines by declaring the number of horses which one of them would supersede; 
and hence the term, now so general, horse-power , came into use. At first this ex- 
pression had but a, vague signification, and w^as understood by the manufacturers and 
capitalists who intended to employ the steam engine in the literal sense of the actual 
number of horses whose expense would be saved to them by it. But after the engine 
had completely superseded horses in the arts and manufactures, and it became neces- 
sary to express its effects with greater precision, instead of abandoning the term 
horse-power, an arbitrary signification was given to it by Watt, which it has since 
retained. The word horse-power, then, as applied to the steam engine, means the 
capability of the engine to produce a mechanical effect per minute equivalent to 
33,000 pounds raised one foot. 

3. Thus an engine of 10 horse-power means one which in wmking is capable of 
producing a mechanical effect per minute of 330,000 ifes. raised one foot, or an effect 
per hour equivalent to 20 millions of pounds, very nearly, raised one foot. 

4. When a steam engine is declared to be of such or such a horse-power, the ex- 
pression must be understood- in a qualified sense. Thus it is assumed that the furnace 
is worked in a certain average manner, and that a proportional evaporation takes 
place in the boiler. An engine whose nominal power is that of 100 horses may, by 
urging the furnace in an extraordinary manner, be made to produce an effect much 
greater than that of its nominal power; or, on the other hand, by keeping the 
furnace low, it may be and frequently is worked considerably under its nominal 
power. 
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SECTION XIX.-^THE DIMENSIONS OF THE BOILER AND FDENACE NECESSARY 
FOR AN ENGINE OF GIVEN POWER. 

1. The technical rules adopted by engineers for the proportion of engiiies coiTe- 
sponding to any required power, are generally understood as applicable only to the 
second class of engines enumerated already, namely, those generally used in the manu- 
factories and in steam navigation. 

2. The Cornish engines, on the one hand, and locomotive engines on the other, are 
exceptional extremes, each being worked in a manner peculiar to itself. In the one, 
much larger dimensions are allowed for the production of a given power, the action 
of the furnaces being of low intensity; while in the other, the dimensions producing 
a given power are much smaller, and the consequent action of the furnaces much 
more intense. " 

What we shall therefore state here will be understood to have reference to the 
second class of engines above mentioned. 

3. In calculating the mechanical force developed in the evaporation of water, w'e 
have seen that one cubic inch of water, converted into steam, produces a mechanical * 
force sufficient to raise a ton weight a foot high. It would therefore follow that to 
raise 20 millions of pounds a foot high, would require the evaporation of 1000 cubic 
inches of water. But this calculation refers to the entire mechanical force developed 
in the evaporation. A portion of this force is, however, expended in moving the 
engine itself, and is wasted in various ways before it reaches the working point ; and 
it is customary for engine-makers to allow for this from 35 to 45 per cent, of the entire 
mechanical force developed in the evaporation. Now since there are 1728 cubic inches 
in a cubic foot, it follows that by such an allowance for waste of power the net effect 
of a cubic foot of water evaporated per hour would be one nominal horse-power. 

4. Such is the general usage of boiler-makers, but it would be most erroneous to 
assume that this usage is based upon even a loose calculation: there can be no doubt 
that the power expended in waste and uncondeiised steam, and in moving the engine 
in any tolerably managed machine, must be considerably less than this. The error, 
however, lies on the safe side; it is better to have superfluous boiler-power than a 
stint of steam. A boiler having more evaporating power than is needed, can always 
be worked as much under its power as may be desired ; but when an engineer is 
obliged to push a boiler above its legitimate power, both waste and danger ensue. It 
must not therefore be assumed, as has been done by some writers, that engine-makers 
adopt these rules from ignorance. Although they do not in general seek for an accu- 
rate knowledge of the amount of power expended in moving the engine and in waste 
steam, they are nevertheless fully aware that the allowance they make is greater than 
its amount ; and in the absence of such exact knowledge, it is cleai’ they are right in 
adopting an excessive estimate. 

5. From what has been stated, therefore, it follows that for every horse- power 
which the engine is expected to exert, a power of evaporating a cubic foot of water 
per hour is provided in the boiicr- 

6. When the term horse-power is applied, therefore, to boilers, in reference to their 
capability of evaporation, it is to be understood as indicating the evaporation at the 
rate of a cubic foot of water per hour; thus, by a boiler of 50 horse-power is to be 
understood a boiler capable of evaporating 50 cubic feet of water per hour, the fur- 
naces being worked in the ordinary way. 

7. The magnitude of the grate and the extent of heating surface necessary to pro- 
duce a given rate of evaporation vary more or less in difeent engines, and according 
to the practice of different engineers ; but still, in common engines used in the arts 
and manufactures, there are average standards which it is useful to knoiv. 
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8. Thus it is generally agreed^ that the dimensions of the grate necessary for 
a boiler of a certain power should be regulated by allowing a square foot of grate sur- 
face for every horse-power in the boiler. Thus it follows, that as much fuel is con- 
sumed per hour upon a square foot of the surface of the grate as is necessary and 
sufficient to evaporate a cubic foot of water. 

9. The dimensions of the surface of the boiler exposed to the action of heat, 
whether by radiation or by the contact of heated air in the flues, is generally esti- 
mated at the rate of 15 square feet for a horse-power. Thus a boiler of 50 horse- 
power would require a heating surface of 750 square feet. 

10. These are not only average standards from which individual boilers and fur- 
naces of the class we more particularly refer to vary more or less considerably, but 
they are altogether inapplicable to the two extreme classes of boilers, — ^ the Cornish 
on the one hand, and the locomotive on the other. 

11. In the Cornish boilers a slow combustion is maintained on the grates, and 
although the fuel is placed upon them in a thicker layer, the intensity of the heat from 
a given surface is considerably less than in the ordinary boilers. Accordingly, for a 
given rate of evaporation, at least double the extent of grate surface is allowed. We 
find, therefore, that two square feet are given for every cubic foot of water per hour 
to be evaporated. 

12. In like manner, as in these boilers the heat acts with less intensity on a given 
surface of the boiler, a proportionally greater heating surface is necessary to produce 
a given rate of evaporation. In these cases a still greater departure from the common 
boiler is necessary; and instead of 15 square feet being allowed for a cubic foot of 
w^ater per hour evaporated, we find 4 and 5 times this surface given. 

13. The flame and heated air are also made to traverse a much greater length of 
flues before they enter the chimney. 

14. Thus, while 60 feet length of flues are allowed in a common waggon boiler, 
1 5 0 or upwards are frequently given in the Cornish boilers. 

15. These circumstances will at once indicate the different mode of operation, and 
the different quality, of these two classes of boilers. 

16. The locomotive boiler is in the other extreme. Instead of one cubic foot 
of grate surface evaporating one cubic foot of water per bour, it usually evaporates 8 
cubic feet. As the heat developed in a given time may be taken as nearly propor- 
tional to the water evaporated, it follows that the calorific action of a square foot of 
the grate of the locomotive is 8 times that of a square foot of the grate of a common 
stationary engine, and 16 times that of a Gomish engine. 

17. The intensity of the combustion maintained in the furnaces of locomotive 
engines may be thus in some measure conceived. 

I have myself witnessed a set of new grate bars partially fused and rendered use- 
less in a trip of 30 miles. The splendour of the burning fuel in these furnaces is 
sometimes so intense that it impresses the eye with the same pain as is sustained in 
looking at the sun. 

18. The Cornish boilers, which differ so extremely in their mode of operation and 
effects from the locomotives, resemble them nevertheless very closely in their form. 
Both are cylindrical, and the flues in both consist of metal tubes, traversing the 
length of the boiler. In the Cornish boilers the tubes are of iron, and of consider- 
able diameter. In the locomotive boilers they are of brass, and very small in 
diameter. 

19. The diameter of the Cornish boilers is usually about -Ith of their length. 
Where great power is required, it is found more convenient to use two or more 
boilers than one of larger dimensions. A common proportion for these boilers is from 
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36 to 40 feet of length, and from 6 to 7 feet in diameter, The locomotive boilers are 
usually from 8 to 10 feet long, and from 3^ to 4-| feet in diameter. 

20. The common published reports of the consumption of fuel are usually given by 
expressing the weight of coal consumed per hour per horse-power; hut unless it be 
ascertained that the real working power of the engine and the consumption of fuel are 
equal to and do not exceed its nominal power, such reports lead to erroneous conclu- 
sions. The common allowance of fuel for stationary engines and marine engines, 
when working to their full power, is 10 fts. per horse-power per hour. The consump- 
tion, however, is undoubtedly less than this when the engines are properly constructed 
and carefully worked: 7 and 8 ifes. per horse-power is a very common consumption 
for well-managed engines. In the Cornish engines the common consumption is little 
more than 5 ifes. per horse-power per hour. 

SECTION XX.—WHAT DIMENSIONS OE THE CYLINDER AND OTHER MACHINERY 
ARE REaUISITE TOR A GIVEN POWER OE ENGINE. 

1. Nothing can be more vague, uncertain, and arbitrary, than the rules adopted by 
engineers in reference to this problem. It may be truly stated that every engine- 
maker has Ms own standards, to which he attaches invariably as much infallibity as 
if this mechanical problem W’ere capable of as certain and demonstrative solution as a 
problem in common geometry. 

2. It will be obvious, on tbe slightest consideration, that the magnitude of the 
cylinder and piston necessary to produce a given working power must depend on the 
pressure of the steam after it enters the cylinder and the velocity with which the pis- 
ton is driven, the degree of perfection of the vacuum on the other side of the 
piston, and the extent to which the expansive principle is introduced. In general, 
however, it bas been the practice to apply the calculation to low-pressure engines, 
that is to say, to those in which the steam, after it enters the cylinder, has not a pres- 
sure exceeding the atmosphere by more than 4 or 5 ibs, per square inch, and in which 
the piston is supposed to move at the average rate of 200 feet per minute. These 
conditions being assumed, and a good vacuum being sustained in the condenser, 22 
square inches of the piston are allowed for every nominal horse-power of the engine. 

3. Where these rules are observed, the nominal power of an engine may always be 
obtained by dividing the number of square inches in the surface of the piston by 22 ; 
or, which is the same, by dividing the square of the diameter of the piston, expressed 
in inches, by 28. 

4. Again, if it be required to find the magnitude of the piston necessary for an 
engine of a given power, it is only necessary to multiply tbe number expressing the 
power by 28, and the square root of the product will be the diameter of the piston. 

5. It must be carefully observed, however, that such rules are only applicable so 
long as the piston moves with the above velocity, and is urged by low-pressure steam 
at the above rate. 

6. Indeed, it may be observed generally that the mode of expressing the mechanical 
capabilities of engines by horse-power frequently leads to most erroneous conclusions, 
and it has lately been accordingly much discontinued among engineers and scientific 
men. In locomotive engines it is not applied at all; nor, indeed, in the Cornish 
engines. 

7. The proportion of the diameter to the stroke of the cylinder, as its length is 
called, varies very much according to the purposes to which the engine is applied. 
In marine engines, for example, where the cylinder has a vertical position and the 
engine is stinted in height, the stroke very little exceeds the diameter. In stationary 
land engines the proportion of the diameter to the stroke is frequently that of 
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8. The dimensions of the air-pump, condenser, and other parts of the engine, bear 
a certain proportion to those of the cylinder, which are but little departed from by 
engine-makers. 

9. Thus, the air-pump has usually half the stroke and half the area of the piston, 
and consequently its capacity is a quarter of that of the cylinder ; nevertheless, some 
engineers maintain that a larger proportion of air-pump augments the efficiency of 
the machine. 

SECTION XXI. — HOW THE INTERNAL CONDITION OP THE BOILER AND ENGINE IS 
, RENDERED EXTERNALLY MANIFEST. 

1. To enable the engine-man to maintain the boiler and machinery in a state of 
efficient operation, it is necessary that he should be at all times informed of their 
internal condition. A class of contrivances for indicating this has therefore exercised 
the invention of those to whom we are indebted for the improvement of this depart- 
ment of mechanical art. 

2. One of the most obvious circumstances attending the internal condition of the 

boiler, which it is necessary that the engine-man should at all times know, is the 
quantity of water in it. If the level of the water get below the flues, the boiler incurs 
the danger of becoming red-hot, and bursting : if the level of the water be too high, 
the steam room in the boiler becomes insufficient, and the spray of the boiling water, 
mingled with the steam, passes through the steam-pipes into the cylinder, producing 
a waste of heat, and other inconveniences : this effect is called The level 

of the water in the boiler should therefore always be known. 

3. The earliest and most simple contrivance for indicating this is the gauge^cocJcs : 
these cocks are two common stop-cocks, screwed or cemented into the boiler, one 
above the point at which the level of the water ought to stand, and the other below 
it. When the water is at the proper level, steam should issue on opening the one, 
and water on opening the other. If water issue from the upper cock, the boiler is 
too full j and if steam issue from the lower cock, the boiler is too empty. So long as 
steam issues from the upper and water from the lower, the level of the water is at its 
right point. 

4. In boilers maintained in a very violent ebullition, where a highly intense furnace 
is used, the agitation near the surface renders the indication of the gauge-cocks some- 
times uncertain, and another contrivance is either substituted for them, or used in 
connection with them. 

5. If it were possible to have a glass boiler, the level of the water would always be 
visible; but instead of a boiler all glass, we may have a strong glass plate inserted 
into the side or end of the boiler at the level at which the water ought to stand, and 
through this plate the surface of the water might be seen ; but the great agitation of 
the water in ebullition would render this observation uncertain : the object is there- 
fore accomplished by the glass water gauge (see Section xxvii. title * Glass Water 
Gauge ), which is a strong glass tube placed in a vertical position outside the boiler, 
communicating at the top and bottom by metal tubes with the interior. The water 
in the boiler enters the lower end of this tube, and the steam enters the upper 
end; and, by the common principles of hydrostatics, the pressure of the steam in 
the tube and in the boiler being the same, the water in the tube will stand at the 
same level as the water in the boiler. 

6. To guard against the effects of the accidental fracture of this tube, stop-cocks 
are usually placed between the ends of it and the boiler, by which the communication 
between it and the boiler is cut off at pleasure. When the engine-man desires to 
ascertain the level of the water in the boiler, he opens both the stop-cocks, but at 
otlier times it is more prudent to keep them closed. 
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7. This expedient has the advantage over the gauge-cocks, inasmuch as it indicates 
the exact level of the water. 

8. Another contrivance used for this purpose consists in formed of a hollow 
casing of metal; to this is attached a rod which passes through the top of the boiler. 

As the level of the water rises or falls in the boiler, this float rises or falls with it, 
and the rod is pushed upwards or drawn downwards, as the case may be. An index 
of any kind may be attached to this rod, which should play upon a divided scale, in<^ 
cheating the position of the float and the level of the water. 

9. Another expedient is sometimes used, which consists of a tube let in through 
the top of the boiler, and descending to a point below which the water ought not to 
fall : at the top of this tube is fixed a 

10. So long as the level of the water is above the lower end of the tube, a column 
of water will be sustained in the tube by the pressure of the steam within the boiler; 
but when the level subsides below the mouth of the tube, then steam, rushing through 
the tube, will issue from the whistle, and produce an alarm which will give notice of 
the want of water in the boiler. 

11. This last contrivance can only be used in low-pressure boilers, where the 
column of water which will balance the steam is not too high. 

12. It is most necessary at all times that the pressure of the steam within the 
boiler should be known, and provision should be made to prevent its exceeding a cer- 
tain limit. This is accomplished by the common 

This valve is an ordinary conical valve, placed in the top of the boiler, and fitting 
into its seat so as to be steam-tight. It is loaded with a weight which determines 
the maximum pressure to which the steam is allowed to attain. Thus, if it he in- 
tended, as in low-pressure boilers generally, that the steam should not exceed 6 lbs. 
per square inch, then the safety valve is loaded with a weight, regulated in such pro- 
portion to the magnitude of its surface exposed to the steam, that whenever the 
pressure of the steam exceeds this limit, it forces the valve open, and escapes, until 
the pressure is reduced to the proper limit. 

13. The safety valve, however, affords an indication that the pressure of the steam 
does not exceed a certain amount, rather than an indication of what that pressure 
actually is. 

14. The steam gauge exhibits the exact amount of this pressure. 

15. The mercurial steam gauge generally used in low-pressure boilers (see Sect. 
XXVII.) consists of a siphon tube with equal legs, half-filled with mercury: one end 
is cemented into a pipe which enters that part of the boiler which contains the steam ; 
the other end is open to the atmosphere. A stop-cock is usually provided between 
this gauge and the boiler, so that it may he put in communication with the boiler at 
pleasure. When the stop-cock is open, the steam acting on the mercury in one leg 
of the gauge presses it down, and the mercury in the other leg rises. The difference 
between the two columns is the height of mercury which corresponds to the excess 
of the pressure of the steam in the boiler above the pressure of the atmosphere; or, 
in other words, to the effective pressure on the safety valve. If half a pound per inch 
be allowed for the length of this column, we shall obtain, in pounds per square inch, 
the effective pressure of the steam. 

16. If the siphon steam gauge were made of glass, the height of the mercurial 
column representing the pressure of the steam could be obtained by inspection, a 
scale being annexed ; but to avoid accidental fractures, this tube is usually made of 
iron, and the level of the mercury is indicated by a float, having a rod attached, 
similar to the gauge-float already described for indicating the level of the water. To 
this rod may he attached any convenient index and scale. 

2 i 
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17. Owing to the obstruction which the steam encounters iiV passing through the 
steam pipes and valves, its pressure undergoes a greater or less diminution on its way 
to the cylinder. To ascertain the effective pressure, therefore, in the cylinder, a 
steam gauge is sometimes placed upon the steam pipe, as close as possible to the 
cylinder., 

18. A custom has been adopted too generally of estimating the pressure of the 
steam in the cylinder by its pressure in the boiler, assuming that between the two 
there is hut a slight difference. Nothing can he more erroneous than this. Between 
the pressure of the steam in the boiler and in the cylinder there may be almost any 
amount of difference- If the throttle valve be nearly closed while the pressure of the 
steam in the boiler is very high, the pressure of steam which works the piston may 
be very low; and, on the other handv if the throttle valve be nearly open, there may 
not be a considerable difference between the two, 

19. To calculate, therefore, in general the effective power of the engine by taking, 
as is commonly done, the pressure of the steam in the boiler, and multiplying that by 
the area of the piston and its velocity, is a most fallacious method. The indicator 
already described may be used to determine tbe average pressure of steam on the 
piston, and thus the effective action of the piston may be calculated ; or if the actual 
quantity of water transmitted in the state of steam to the cylinder be known, the 
mechanical effect of this can be calculated independently of any consideration of the 
pressure of the steam, or even of the magnitude of the piston. It will, however, be 
necessary even in this case to determine the resistance of the uncondensed steam. 

20. In high-pressure boilers, where steam is worked at 40 and 50 tbs. above tbe 
atmosphere, or at even higher pressures, the mercurial steam gauge is inconvenient, 
owing to the height of the column of mercury which the pressure would sustain, and 
from other causes. This inconvenience is especially felt in locomotive engines. In 
stationary engines it is always possible to provide a permanent mercurial steam gauge 
of sufficient height, whatever be the pressure of the steam ; and indeed it is desirable so 
to do, for there is no measure of the force of the steam so certain and exact. In loco- 
motive engines, however, and in other cases where a tall column of mercury is inad- 
missible, the pressure of the steam is indicated by a spring steelyard, which is made 
to act upon the safety valve. (See Section xxvii., title ‘'Spring Safety Vahe,^) 
This instrument is in principle precisely the same as the common spring steelyards 
used in domestic economy. A scale is attached to it, upon which an index plays, by 
which the pressure on the valve is expressed in fts. per square inch. The instrument 
is usually screwed down, so that the valve will only be opened when the steelyard 
indicates a certain pressure. 

21. It is customary, more especially in high-pressure engines, to provide two safety 
valves, one of which shall be removed from the interference of the engine-man. This 
precaution prevents the danger which would arise from the engine-man overloading 
the valve, or from the valve becoming fixed in its seat from accidental causes, w^hich 
sometimes happens. 

22. When a boiler ceases to be worked, and the fire has been extinguished, the 
steam which filled its interior will be speedily condensed, and tbe interior would 
become a vacuum. In this case a prodigious amount of atmospheric pressure, acting 
on the external surface of tbe boiler inwards, would have a tendency to crush it. 
This contingency is sometimes provided against by a safety valve which opens 
inwards. So long as the boiler is in operation, this valve is kept closed by the pres- 
sure of the steam ; when it ceases to he worked, it is opened by the pressure of the 
atmosphere. 

23. It is most necessary for the efficient operation of the engine that the state of 
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the Tacuuin in tlie condenser should be at all times known. For this purpose an 
indicator is adopted, called the 'barometer gauges forming one of the most important 
appendages of the condensing steam engine. (See Section xxvii,, title * Barometer 
GaugeJ) 

24. This instrument, as its name imports, is a common barometer, but the top of 
the tube, instead of being closed, is made to communicate with the condenser. The 
atmospheric pressure, acting as usual in barometers, on the mercury in the cistern, 
presses a column of mercury up the tube. If the vacuum in the condenser were as 
perfect as that which is at the top of the barometric tube, then the column of mer- 
cury in this instrument would stand at exactly the same height as in the common 
barometer ; but as this is never the case, there is a difference of height which is due 
to the pressure of uncondensed steam and air, which, notwithstanding the action of 
the air-pump, will always remain in more or less quantity in the condenser. The dif- 
ference, therefore, between the height of the column of mercury in the barometer 
gauge communicating with the condenser, and in a true barometer placed near it, will 
give, in inches of mercury, the pressure which re-acts upon the piston against the steam. 

25. In well-managed engines the barometer gauge is seldom more than an inch 
below the true barometer, which would give half a pound per square inch for the 
pressure re-acting on the piston. 

26. If the barometer gauge stand too low, it indicates the presence either of uncon- 
densed vapour or of air in the condenser. This may arise either from too little or 
too much water being thrown in by the condensing jet. If too little be thrown in, 
the condensation will be imperfect, and uncondensed vapour will lower the gauge : if 
too much be thrown in, an accumulation of air will be produced faster than the pump 
can remove it, and the gauge wdll be similarly affected. The adjustment of the jet is 
a matter, therefore, that should he carefully attended to. The cock which governs 
the jet has a handle to which an index is attached, playing upon a divided scale ; and 
according to the position of that index, the cock is more or less opened or closed. 

SECTION XXII. — HOW THE WANTS OP THE BOILER AND ENGINE ARE SUPPLIED, 
AND HOW THEIR OPERATION IS REGULATED. 

1. If the work executed by a steam engine were subject to no variation whatever, 
the rate at which the steam should he supplied to the cylinder and generated in the 
boiler wmuld be uniform also ; and as the production of such steam necessarily bears 
an uniform ratio to the development of heat in the furnace, this last would be also 
uniform. The development of beat in the furnace being in direct ratio to the 
supply of air, or what is the same, the draft in the chimney, it would follow that an 
engine perfectly uniform in its action would require an invariable adjustment of the 
flues, an invariable rate of evaporation in the boiler, and an invariable magnitude of 
communication between the boiler and cylinder for the supply of steam. 

2. But in practice it is found that the work to be executed by machinei'y of this 
kind is subject to more or less variation, requiring a greater or less intensity from 
time to time in the moving power. 

3. This necessitates a corresponding variation in the action of the steam in the 
cylinder. This variation is produced by the throttle valve, placed in the pipe by 
which steam is conducted to the cylinder. {See fig, art 17.) This valve is a circular 
plate, corresponding nearly with the magnitude of the pipe in which it is placed. It 
is so constructed as to turn on an axis which coincides with one of its diameters, and 
its movement is governed by a lever or handle on the outside of the steam pipe. 
■When this circular plate is turned so as to present its edge to the current of steam, 
that current is allowed to pass without obstruction to the cylinder; but when it is 
turned so that its face is presented to the steam, the current is altogether stopped. 
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Between these two extreme positions it may have any intermediate inclination by 
which the flow of steam to the cylinder shall be regulated in any desired manner. 

4. Supposing this valve to be adjusted, from time to time, so as to proportion the 
quantity of steam admitted to the cylinder to the quantity of work, to be done, the 
production of the steam in the boiler will have to be considered. If this production be 
uniform, it must be adequate in quantity to the greatest amount of steam at any time 
required by the cylinder. 

5. ‘When less than this is admitted to the cylinder by the action of the throttle 
valve, an accumulation would necessarily take place in the boiler, and the pressure on 
the safety valve becoming excessive, the surplus steam would blow off. This would 
occasion, of course, a corresponding waste of fuel. The remedy for this would be a 
contrivance by which the rate of evaporation in the boiler can be augmented or dimi- 
nished at pleasure, according to the wants of the cylinder- This will obviously he 
accomplished by any contrivance wMch will stimulate or slacken the furnace at plea- 
sure. Now since the action of the furnace is regulated by the intensity of the draft, 
exactly as the action of the piston is regulated by the intensity of the steam admitted 
to it, the same kind of regulator may be applied to the one as has been applied to the 
other. A plate called a damper is therefore introduced at some convenient point in 
the flue near the chimney. This plate is generally made like a sliding shutter. "When 
it is let down, it stops the flue altogether, and the fire would he extinguished ; when 
it is drawn up to the limit of its play, the flue is altogether open, and the draft is 
at its extreme power : between these limits the damper may have an indefinite variety 
of positions, leaving more or less of the flue open, so as to give the draft any required 
intensity. 

6. It is easy to imagine an attendant working these two instruments so as to regu- 
late the action of the machinery. ‘When the resistance on the working point is 
lightened, the throttle valve is partially closed, so as to diminish the supply of steam, 
and at the same time the damper is partially closed, so as to diminish the draft: on 
the other hand, when the load on the machinery is increased, the throttle valve is 
opened, so as to augment the supply of steam and increase the action on the piston ; 
and the damper is raised, so as to increase the intensity of the combustion and aug- 
ment the rate of evaporation in the boiler. 

7. It would be obviously desirable that these contrivances, which we have here 
supposed to be regulated at the discretion of the attendant on the engine, should he 
regulated by the wants of the engine itself, so as to be made self-acting^ like the 
valves which regulate the supply of steam to the cylinder. 

8. This is accordingly accomplished by very simple and effectual means in low- 
pressure boilers, to which we more particularly advert at present. A tube is inserted, 
which descends in the boiler below the level of the water ; the pressure of the steam 
supports in this tube a column of water of a certain height, and as the pressure of the 
steam varies, this column varies in height. A float is introduced in the tube, and 
supported by this column of water : a chain attached to this float is conducted over 
one or more pulleys, and cairied to the damper, which is suspended to it. Now, let 
us suppose the throttle valve either opened or closed, as the case may he. If it he 
opened, the supply of steam passing from the boiler to the cylinder is augmented ; 
the pressure of steam in the boiler is for the moment diminished by this exhaustion ; 
the column of water in the tube falls by reason of the diminished pressure ; the float 
supported by it falls with it, and, drawing down the chain, ^aws up the damper ; 
the draft through the furnace is augmented, the combustion is stimulated, the heat 
which acts on the boiler increased, and the evaporation accelerated until the produc- 
tion of steam becomes adequate to the demands of the cylinder. 
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9. In tMs way tlie varying demands of the cylinder on the boiler are made to vary 
in a proportional manner the action of the furnace, on which the generation of steam 
depends : when the cylinder consumes much steam, the damper is kept open ; when 
little, it is partially closed. 

10. The superintendence of the damper by the engine-man is therefore superseded- 
The engine itself works it more regularly and perfectly than could be done by any 
manual superintendence. 

11. This arrangement is called the 

12. In steam engines in general, and especially in those used in the manufactories, 
the rate at which steam is supplied to the cylinder ought to he proportionate to the 
work which the engine has to perform ; if not, whenever the resistance on the engine 
should he diminished, the speed of the piston would he augmented ; and whenever 
the resistance should be augmented, the speed of the piston would be diminished, 
and a continually varying and irregular motion would necessarily take place in the 
engine, and would be transmitted to the machinery which it works. This is in 
general incompatible with the exigencies of the arts and manufactures, in which 
there is a certain rate of motion or speed which ought to he imparted to the ma- 
chinery, and which ought neither to he permitted to decline or augment. 

13. Now, since occasional variations in the resistance are inevitable, the only way 

to maintain an uniform velocity in the engine and in the machinery it drives is to 
provide means of regulating the supply of steam, so that the rate at which it shall 
flow into the cylinder shall he varied in the exact proportion of the resistance. This 
might, as I have already stated, he accomplished by the manual superintendence of 
the throttle valve ; hut a much more certain and efficacious expedient was supplied 
in the by the fertile invention of Watt. 

I" 14. To make the principle of the governor comprehended, we must refer to a well- 

^ known property of the common pendulum used as the regulator of time-pieces. It is 

the property of this instrument, that when it oscillates in obedience to gravity from 
side to side in a circular arch, the time of its vibration will be the same, whether the 
arches in which it vibrates are long or short, provided only the angle of its vibration 
be not considerable : if the arches be short, its motion will he slow; if long, its velo- 
city will he proportionally great; and thus, whether long or short, the time of 
accomplishing a complete vibration will be the same. This well-known property of 
^ the pendulum is called isochronism* 

I 15. Now if the pendulous knob, instead of vibrating in a circular arch, he made to 

whirl with a circular motion round an axis, the knob, in virtue of the centrifugal 
force produced by the rotation, will have a tendency to recede from the axis round 
- which the motion takes place ; and when it assumes such a position that the tendency 


to recede is equal to its tendency to descend, in virtue of its weight, it will remain at 
a fixed distance from the axis round which it revolves, neither receding from nor 
approaching to it. 

16. It is a property of this arrangement, quite analogous to the isochronism of the 
pendulum, and, indeed, depending on the same physical principles, that the time of 
revolution necessary to produce this equilibrium, and to keep the knob at a fixed dis- 
tance from the axis, without receding from or approaching to it, is the same, what- 
ever be the distance of the knob from the axis, provided only that the angle of 
obliquity of the rod be not considerable ; and even though such angle have some 
considerable magnitude, the times of revolution corresponding to the state of equili- 
brium will not be considei-ably different. 

17. This expedient, known by the name of the coTdcal pendulum, was applied by 
Watt, with his usual felicity and success, to the regulation of the throttle valve. The 





arrangement, as usually adopted, is represented in the following figure* Two balls i 
are attached to the ends of equal rods of metal, h g. The arrangement is composed 


of a series of jointed rods h f e, which play upon a vertical spindle c n, being fixed 
at H, but capable of sliding upon it at e. When the balls are separated so that the 
rods H G become more divergent, the arms h f open, and the pivots f, separating, 
draw down the collar e, which, as I have stated, slides upon the spindle : and on the 
contrary, when the balls approach each other, the arms h f also approach each other, 
and the collar e is forced up. Thus, according to the distances of the balls from the 
vertical spindle, the collar e ascends or descends. In the collar e is inserted the 
forked end k of the lever n l k. The end n of this lever is connected, as represented 
in the figure, with the throttle valve t, and the proportion and position of the rods 
are so adjusted that when the balls descend towards their lowest position, the 
throttle valve becomes open ; and when they separate, it becomes gradually closed. 

A grooved wheel a b, or oftener a toothed pinion, is fixed upon the axle of the 
spindle, which receives its motion from any convenient part of the machinery. 

Now let us suppose that the load on the engine is suddenly diminished. A mo- 
mentary augmentation of speed will take place in the piston, and an increased velocity 
be imparted to the wheel a b and the balls of the governor j these balls will con- 
sequently fly further from the vertical spindle, the fork k will be drawm down, 
the throttle valve t partially closed, and the supply of steam to the cylinder 
diminished. 

If, on the other hand, the load on the engine he increased, the speed of the piston 
wiU be momentarily slackened, the velocity of the wheel a b will he diminished, the 
balls will descend and approach the vertical spindle, the fork k will be raised, and 
the throttle valve t partially opened. In tins manner the governor has the effect of 
admitting at all times to the cylinder just that portion of steam which is necessary to 
give to the piston the proper velocity, the quantity being always proportioned to the 
load on the engine. 

It is to he understood that this beautiful little instrument exercises powers 
circumscribed within narrow limits, but these limits are sufficiently extended to 
accommodate themselves to the variations incidental to the work which the engine 
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performs. If the average anioimt of work varies from time to time, the governor 
can be adjusted accordingly. 

18. I have already explained in how great a degree the regular supply of water to 
the boiler is necessary to the sufficiency of the machine. Since the water in the 
boiler will be in the direct proportion of the work executed by the engine and 
the combustion in the furnace, it seems natural to seek for some self-regulating mode 
of feeding the boiler, analogous to that which we have described as governing the 
combustion in the furnace and the supply of steam to the cylinder. It has been 
already explained that a float within the boiler causes a rod, bearing an index, 
to ascend and descend, indicating always the quantity of water in the boiler. 

Now if this rod can be made to act upon a reservoir of water communicating with 
the interior of the boiler, so as to open the valve and admit water when it descends, 
and close the valve so as to stop the supply when it ascends, the deshed object will 
he attained. Such an arrangement has accordingly been adopted with complete 
success, and forms what is called the self-actiny feeder. To the rod of the float is 
attached a cord or chain by which it is connected with the end of a lever, which 
opens and closes a valve placed in the bottom of a small cistern which stands at 
a sufficient height above the boiler. A tube is inserted in the bottom of this cistern 
under the valve, which lube descends into the boiler, and in it a column of water is 
sust ained by the pressure of the steam, as already described. 

When the level of the water subsides and the boiler requires feeding, the float falls, 
draws down the rod, opens the valve in the small cistern above, and lets water flow 
in through the tube : this continues until the level of the water is restored to 
its proper height, when the valve is closed. 

19. But to speak more precisely, this valve is not alternately opened and closed. 
The float and valve will be so adjusted that the latter is kept just so much open as 
to allow a stream of water to descend in the tube which is exactly equal to the rate 
of evaporation in the boiler, so that the level of the water is kept constantly at the 
same point. 

20. This arrangement, however, is only applicable to low-pressure boilers, for in 
high-pressure boilers the column of water which would be sustained in the tube 
would be too high. 

21. It is customary to supply the feed cistern just mentioned with the water 
pumped from the condenser by the air-pump : this w'ater, having a temperature more 
elevated than that of the atmosphere, carries back to the boiler a portion of heat 
which would otherwise he wasted. 

22. In high-pressure boilers, where this feeding apparatus would be inapplicable, 
the necessary quantity of water is driven into the boiler by forcing pumps, called 
feed-pumps^ which are worked by the engine. The dimensions of these pumps are 
regulated according to the average evaporating power of the boiler, so that the 
quantity of water which they throw in shall be exactly equal to the quantity which 
passes in the state of steam to the cylinder, 

23. As this proportion, however, cannot he always precisely maintained, it is 
necessary to provide means for cutting off the feed-pumps, or throwing them into 
operation at pleasure. Arrangements of this kind are accordingly provided, and 
placed at the disposal of the engineer. 

24. An easy and obvious expedient suggests itself for cutting off the feed, and 
supplying it according to the wants of the boiler, which, however, I do not recollect 
seeing adopted in practice. 

25. The float which rises and falls with the level of the water in the boiler might 
be made to act by its rod upon the gearing of the feed-pumps, exactly as it acts upon 
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tbe valve in tbe feed-cistern in low-pressure boilers; so that wbenever the level 
of the water should become too high, the pump should be thrown out of gear ; and 
whenever it was too low, it should be thrown into action. 

SECTION XXIII. — HOW THE STEAM ENGINE IS ADAPTED TO THE WOEKING OF 

PUMPS. 

1. Hitherto we have considered the piston as driven in both directions, upwards 
and downwards, by steam, a vacuum being produced alternately on the side towards 
which it moves. 

2. When the engine is applied to work a common pump, the force being only 

required to be exerted when tbe pump buckets are raised, but not in their descent, an 
arrangement would he required in the cylnder by which the piston should he only 
driven by steam in its descent, the pump buckets being then raised at the other end 
of the beam; but in its ascent the piston would be drawn up by the weight of 
the descending buckets, without any aid from the steam. * Engines adapted to work 
pumps are therefore so arranged that the valve shall only admit steam above the 
piston, a vacuum being made below it in the descent. Engines constructed in this 
manner are called single-acting while those in which the steam acts both 

above and below the piston are called doMe-acting engines* 

3. The single-acting engine in its principle differs in no respect from those we 
have described. A valve is provided at the top of the cylinder, by which steam 
is admitted above the piston when it begins to descend; another valve is provided at 
the bottom, by which the steam under the piston passes to the condenser ; and the 
piston descends exactly in the same manner as in the double-acting engine. But 
when the piston has reached the bottom of the cylinder, a valve is opened which 
gives a communication between the top and the bottom of the cylinder, so that 
the steam which has just pressed the piston down now passes equally above and 
below it. The piston being then drawn up by the weight of the descending buckets, 
the steam which was above it passes below it, through a tube attached, in which the 
valve just mentioned, communicating between the top and bottom of the cylinder, is 
placed. When the piston has reached the top of the cylinder, the steam which pre- 
viously filled the cylinder above the piston will now fill it below the piston ; and 
when the piston is about to descend by the pressure of fresh steam admitted above it, 
the steam below it is discharged to the condenser by another valve, already mentioned, 
and so the operation proceeds. 

4. These single-acting engines are only applicable to pumping or to some other 
operation in which an intermitting force, acting in one direction only, is required. 

5. The dquhle-acting engine may, however, be also applied to pumping by the use 
of a double-acting pump, a variety of forms of which are familiar to engineers. 

6. The most remarkable examples of the application of the steam engine to pump- 
ing are presented in the mining districts of Cornwall, where engines constructed on 
an enormous scale are applied to the drainage of the mines. The largest steam 
engines in the world are used for this purpose. Cylinders 8 and 9 feet in diameter 
are not unprecedented. The expansive principle may here be applied without limit, 
inasmuch as regularity of motion is not necessary. Steam having a pressure of 
50fbs. per square inch above the atmosphere is admitted to act on the piston, 
and cut off after performing from ^ to of the stroke, the remainder of the stroke 
being effected by the expansion alone of the steam. 

SECTION XXIT.->"HOW THE ATMOSPHERIC PRESSURE COMBINED WITH THE 
PROPERTIES OF STEAM IS RENDERED EFFICIENT IN AN ENGINE. 

1. The machine called the atmospheric engine^ which was displaced by the improved 


STEAM- EN0INE* 


485 



steam engine of tlie celebrated Watt, consisted of a cylinder and piston, working beam 
and pump -rods, similar in their general arrangement to those of the single-acting 
steam engine already described. The difference consisted in this, that a vacuum 
being made under the piston by the condensation of steam, the piston was urged 
downwards, not by the pressure of the steam, hut hy that of the atmosphere which 
was admitted above it, the top of the cylinder being open. In this case the steam 
was used not directly as a mechanical agent, hut Indirectly to produce a vacuum 
under the piston, and so give effect to the atmospheric pressure above it. 

2. This system, compared with the single-acting engine, has many defects, the 
removal of which was so successfully accomplished hy the invention of Watt. When 
the piston was pressed downwards by the atmosphere, the atmosphere had a tendency 
to cool the cylinder; and when the piston was made to ascend by admitting steam 
under it, and thus giving effect to the weight of the pump-rods at the other end of 
the beam, the steam as it entered was more or less condensed by the cold cylinder ; 
and to whatever extent this condensation took place, there was a proportional waste 
of fuel. When the piston was at the top of the cylinder, and the cylinder under it 
filled with steam, a jet was introduced within it, as we have already described, and 
the steam was condensed ; hut this method, which produced an unnecessary waste of 
fuel, is not essential to the principle of the atmospheric engine. 

3. The separate condenser of Watt being attached to it, the condensation is made 
under the piston without cooling the cylinder, in the same manner as in the improved 
engine of Watt, There still would remain, however, the evil of cooling the cylinder 
by the admission of the atmosphere above the piston. 

4. Nothing, on the other hand, is gained by using the atmosphere in this way. 
The same steam which is used to make a vacuum under the piston may be previously 
used to press the piston downwards, and we therefore consume as much mechanical 
force, in the form of steam, when we use the atmosphere as when we exclude it. 

5. In favour of the atmospheric engine, however, as compared with the steam 
engine, there is a circumstance of sufficient importance to keep this engine still in use 
in districts where fuel is extremely cheap. In its construction there is much greater 
simplicity and cheapness, and less liability to get out of order. The arrangements for 
passing the top of the piston-rod through the top of the cylinder, so as to be steam- 
tight, are unnecessary, as are also those for parallel motion, and the valves for the 
admission and emission of steam at the top of the cylinder. These advantages, how- 
ever, are but small, and will disappear every day as the cost of the construction of 
engines is diminished. 

SECTION XXV. — HOW THE STEAM ENGINE IS CONSTRUCTED IN CASES WHERE 
A CONDENSING APPARATUS IS INADMISSIBLE. 

1. It will he perceived that the advantages obtained by the vacuum produced by 
the condensation of steam are not without drawbacks. The machinery for conden- 
sation is costly, bulky, and heavy, and moreover consumes a considerable portion of 
the moving power in working it. The condenser requires a cistern of cold water, in 
which it is submerged. This cistern must be kept constantly supplied with cold 
water, for which purpose a pump, called the cold water pump^ must be worked by the 
engine. The water and air admitted hy the condensing jet must be continually 
pumped out by the air-pump. In many cases the steam engine is worked in situ- 
ations in which a sufficient supply of cold water cannot he procured, and where the 
weight and bulk of the condenser, air-pump, and cold water pump, would he inad- 
missible. In these cases the power of the steam must be worked without the advan- 
tage of the vacuum on the other side of the piston. Engines thus constructed are 
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GM^^ nm-cGndemmg enginesimd sometiaies, though not with strict propm^ high^ 
j)t^essure engines. Steam having a greater pressure than that of the atmosphere being 
admitted on one side of the piston, and the other side being left in open Gommuni- 
cation with the atmosphere, the piston will he urged forwai’ds by a force proportional 
to the excess of the steam pressure above the pressure of the atmosphere, the friction, 
and other resistances. When the piston is thus drawn to the other end of the cylinder, 
the steam being admitted on the opposite side of the piston, and the contrary side 
being open to the atmosphere, the piston will in like manner be urged back again. 

2. Between the mechanism by which the admission and emission of the steam is 
effected in this machinery, and that which we have described in the condensing 
engine, there is no real difference. Whether the steam be allowed to escape to the 
condenser or into the open atmosphere, the mechanism which governs its admission 
and escape will he the same, 

3. As the pressure of the steam in such machines must necessarily exceed that of 
the atmosphere, in a sufficient proportion to supply a force necessary for the purpose 
to which the machine is applied, the pressure is always much greater than is neces- 
sary where condensation is used ; and hence the application of the term ?iigh-pressure 

to sach machines : but the use of the term is objectionable, inasmuch as 
steam of an equally high pressure is often used in engines in which the steam is con- 
densed and a vacxnnn produced. An example of this is presented in the engines used 
in Cornwall, where steam having a pressure of 50 lbs, or upwards on the square inch 
is used..; 

4. Properly speaking, therefore, Mgh-pressure engines consist of two classes ; those 
in which the steam is not condensed, and those in which it is condensed. 

5. The most proper classification of engines, therefore, is into eeiMensing and non* 
condensing engines; the latter being always high-pressure engines, and the former 
sometimes high-pressure and sometimes low-pressure. 

6 . By low-pressure engines is to be understood those in which the safety valve on 
the boiler is loaded at the rate of 4 to 6 ibs. per square inch. 

7. High-pressure engines is a term rather indefinite 5 but where the valve is loaded 
with 20 tbs. or upwards per square inch, the machine is generally so called. 

I ‘ the United States, the use of high-pressure steam is much more universal 

than in England, and 20 ibs. upon a square inch of the safety-valve would hardly be 
denominated high pressure. This will be understood when it is stated that from 120 
to 150 tbs. per square inch is not a very uncommon pressure to use. 

9. In locomotive engines, the condensing apparatuses excluded for obvious reasons^ 
The pressure in these is usually from 50 to 60 it>s. per square inch. The steam which 
escapes from the cylinder, after working the engine, is ejected up the chimney, where 
it plays the part of a blower, and supplies that want of elevation of the chimney 
which circumstances here exclude. 

SECTION XXYI. — HOW THE MECHANICAL TRESSURE OF THE STEA.M ON THE RISTON 
IS LIMITED, AND HOW THE SPEED OF THE PISTON IS AFFECTED BY THIS. 

It is commonly but erroneously supposed that the pressure which the steam exerts 
on the piston of an engine can he augmented or diminished at pleasure by augment- 
ing or diminishing the pressure of the steam in the boiler. A moment's attention to 
some universal principles of mecbanical science will be sufficient to rectify this 
error. 

It is an established principle, that when a body which offers a definite resistance 
to motion is impelled by a force whose pressure is precisely equal to that resistance, 
-the body so acted upon must be in one of two states, viz. either at rest, or moving 
with an uniform velocity. 
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Tliis principle is convertible. A state of rest or of uniform motion presumes that 
the body in such state must be acted upon by forces that is to say, if 

it be in motion, tbe energy of the forces winch impel it must be precisely equivalent 
to the resistance which it offers to them. 

To illustrate this by a practical example, let ns suppose that a carriage. placed on 
an uniform and level road is drawn hy a horse at a perfectly uniform sp^d. The 
resistance in this case which the carriage offers to the draft is precisely equivalent to 
the force impressed by the horse on the collar. 

If an experimental proof of this he required, it may be easily given. Let a carriage 
be placed on any level surface, and drawn hy a weight carried over a pulley. When 
its motion is uniform, it will be found that the amount of the weight which gives it 
such motion is precisely equal to the resistance of the carriage. 

But it will be asked, how can the energy of the impelling forces be greater or less 
than the resistance, if the object to which it is applied be in motion ? If it be greater 
than the resistance, it cannot do more than move it ; if it be less than the resistance, 
why does not the object stop altogether ? Admitting that a moving force greater in 
amount than the resistance of the body moved can be applied, it may be further 
asked, what becomes of the surplus of such moving force ? It is clear that the resist- 
ance cannot absorb more than its own amount of the moving force : on what, then, 
is the surplus expended ? 

Let the simple and familiar example of a carriage moved on a level road be taken. 
Let us suppose that the force exercised on the carriage is 150 ibs., while the resistance 
of the carriage to the moving power is only 1 00 tbs. On what object, then, are the 
other 50 lbs. expended? 

The answer to this is extremely simple, and easily understood. When the moving 
force is thus greater in intensity than the resistance, the motion imparted to the body 
to which it is applied is not, as above, an uniform speed, but a speed constantly 
accelerated : in every succeeding second of time the moving force imparts to the 
body an increased velocity, and consequently an increased momentum. It is by this 
augmentation of momentum, then, that the surplus moving force is absorbed. It is, 
therefore, a living force. It is not, properly speaking, extinguished, as is that portion 
of the moving force which is iu with the resistance. The momentum 

which it produces in the moving body will be retained and expended upon something 
before the moving body can come to a state of rest. 

Accelerated motion is, then, the consequence of the moving force exceeding in 
amount the resistance of the body moved. 

Analogy will at once raise the presumption, that a gradually retarded motion will 
be the consequence of the moving force being less in intensity than the resistance of 
the body moved. 

The moving force in this case balances, or as it were extinguishes so much of the 
resistance as is equal to its intensity ; the excess of the resistance, however, remains 
to be accounted for. What is its effect, and what becomes of it? We suppose the 
body to be already in motion ; its weight or mass has therefore a certain momentum, 
which, by the common properties of matter, gives it a tendency to continue in motion. 
This tendency is opposed by that portion of the resistance which is not balanced by 
the moving force. This portion of the resistance, then, g^radually robs the moving 
body of its momentum, makes it move more and more slowly, and at length, extin- 
guishing all the momentum, brings the body to a state of rest. 

Thus it will be clearly understood that any inequality between the intensity of the 
pressure, or traction, or impulsion, by whichever term the moving force he designated, 
and the intensity of the resistance, will be attended with an accelerated or retarded 
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motion in the body moved, according as the excess lies on the side of the moving 
power or on the side of the resistance. 

There is nothing new in these principles. They are, in fact, the established prin- 
ciples of general mechanics, perfectly familiar to all who have cultivated the higher 
departments of science. 

It would, however, certainly appear, from the common language and modes of cal- 
culation and reasoning which have prevailed among engineers and practical men, that 
they have either lost sight of these principles, or never known them. 

Let us apply them to the case of a steam engine. 

The piston is in this case the body moved. The boiler is the source of the moving 
power. To simplify the case, we shall imagine the motion of the piston to take place 
constantly in one direction, instead of being reciprocated from end to end of the 
cylinder. 

Now it follows from what has just been explained, that if the motion of the piston 
in the cylinder be uniform, the pressure of the steam which impels it cannot by any 
mechanical possibility be different from the amount of the resistance which the piston 
offers. You may load the safety valve as you please ; you may vary the condition of 
the boiler in any imaginable manner, and the pressure of the steam in that vessel 
may have any intensity whatever ; but it is demonstrably certain that the pressure of 
the steam in the cylinder cannot be either greater or less than such as would be ne- 
cessary on the entire surface of the piston to produce an action equal to its resistance. 
This is as certain as the conclusion of any problem in common Geometry. 

But then, it may be objected, we can have no power to vary the pressure of the 
steam in the boiler, inasmuch as the resistance of the piston has no connection with 
the source of the moving power. 

I have explained in a former section that the pressure of steam in the boiler, 
though it can never he than the pressure of steam in the cylinder, may be to any 
desired extent greater: the action of the throttle valve explains this : the more the 
throttle valve is contracted, and the smaller the orifice through which the steam has 
to pass into the cylinder, the greater will be the ratio of its pressure in the boiler to 
its pressure in the cylinder. There is, then, a minor limit to the pressure of steam 
in the boiler: it cannot be less than such a pressure as would produce on the piston 
an action equal to its resistance. 

^\hat is, on the other hand, the major limit of the pressure of steam in the boiler? 
This limit is obviously determined by the load on the safety valve : when the steam 
exceeds this limit, the safety valve wiU he opened, and the surplus pressure reduced 
by escape. 

It thus appears that the piston and the safety valve supply the two limits of the 
possible pressure of steam in the boiler. The pressure per square inch of the steam 
in the boiler cannot he less than the resistance per square inch of the piston, nor 
greater than the pressure per square inch on the safety valve. 

In the ordinary action of an engine, the motion must in the main be uniform. 
Acceleration or retardation are conditions exceptional and occasional. When the pis- 
ton is first put in motion from a state of rest, its motion is accelerated until it has 
attained its normal and regular speed : when the engine is about to be stopped, its 
motion is gradually retarded until the resistance extinguishes the momentum of the 
machinery. 

^ When the piston and other reciprocating parts of the machinery change the direc- 
tion of their motion at each extremity of the stroke, they will be for a short interval, 
before and after the moment the direction changes, retarded and accelerated; and 
this retardarion and acceleration would be very perceptible, were it not for the fly- 
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wheel : but the momentum of the fly-wheel, as well in consequence of its weight as 
of the Yelocity of the matter forming its rim, so prodigiously exceeds the momentum 
of the reciprocating parts of the machinery, that the effect of acceleration and retard- 
ation in the latter is altogether effaced by the great momentum of the revolving mass 
of the former. 

It is for this reason that the fly-wheel justifies us practically in our reasoning in 
assuming the piston as moving uniformly and constantly in one direction, instead of 
reciprocating. * 

■When the steam is used expansively, being cut off at one-half, or any other fraction 
of the stroke, the impelling power necessarily varies in intensity ; and as the resist- 
ance does not vary in intensity, or at least does not vary in the same manner and pro- 
portion, there will consequently not he an equilibrium between the moving power and 
the resistance, and the motion therefore cannot be uniform. 

When steam is thus applied, the pressure, when first admitted on the piston, is 
greater than the resistance ; and so long as the steam valve is open, the motion of the 
piston will be accelerated. When it is closed, and the steam begins to expand, it 
gradually diminishes in intensity. The accelerated motion of the piston will, how- 
ever, continue until the pressure of the steam becomes equal to the resistance. Fur- 
ther expansion rendering it less powerful than the resistance, the motion of the piston 
will be retarded to the end of the stroke. 

This series of effects is repeated at each stroke of the piston. 

Now although in this case the motion of the piston during any one stroke is 
variable, yet the average motion of the machine will be uniform : although through- 
out a single stroke the piston be alternately accelerated and retarded, yet the number 
of strokes performed by the machine per minute will be the same. The average 
velocity will be uniform, although the velocity within the limit of a single stroke be 
not so. 

But even this variation within the limits of each stroke is almost effaced by the 
action of the fly-wheel, which absorbs the acceleration and repairs the retardation by 
giving and taking momentum, as already described. 

I have spoken of the uniform velocity of the piston, which, whether it be main- 
tained in the literal sense of the term, or only on the average, as estimated by 
the number of strokes per minute, must in every case be the result of an equilibrium 
between the average moving force of the steam and the resistance of the machinery. 
But what, it may he asked, determines the rate of this uniform speed What con- 
ditions are they which can determine whether the piston shall move 200 feet or 500 
feet per minute? 

This is obviously determined by the rate at which the boiler is capable of supplying 
steam of the requisite pressure to the cylinder. Let the resistance on the piston be 
estimated; say that it is 20 tbs. per square inch of its surface; then the boiler must 
be capable of supplying steam of 20 tbs. pressure per square inch, in such measure as 
to enable the piston to move at the required speed. 

Let us assume, for example, that the required speed is 200 feet per minute, 
or 12,000 feet per hour, and that the area of the piston is 5 square feet ; then, to 
enable the piston to advance through 12,000 feet, a column of steam must follow it, 

12.000 feet in length and 5 square feet in its section, which gives 60,000 cubic feet 
of steam. But steam having the pressure of 20 lbs. per square inch bears to the bulk 
of water which produces it the proportion of 1281 to 1 ; therefore, if we divide 

60.000 by 1281, we shall find the number of cubic feet of water which must be sup- 
plied in the state of steam by the boiler to the cylinder in an hour. 

This division gives 47, very nearly. The boiler, therefore, must in this case evapo- 
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rate 47 cubic feet of water per Hour, or, according to the conTeBtional standard of 
boiler-makers, be a boiler of 47 horse-power. 

In general this calcniation may be made by the aid of the following Tables. 


TABLE I.—ABEAS OF PISTONS. 


Dia. 

Area. 

Dia. 

Area. 

Dia. 

Area. 

Dia. 

Area. 

Dia. 

Area. 

Dia. 

Area. 

Inch. 

Inches. 

Inch. 

Inches. 

Inch. 

Inches. 

Inch. 

Inches. 

Inch. 

Inches. 

Inch. 

Inches. 

* 1 

•785 

8 

50-265 

15 

176*71 

22 

380*13 

29 

660*52 

36 

1017*8 


*994 

i 

51*848 

i 

179*67 

1 

384*46 


666*22 

i 

1024-9 


1*227 

¥ 

53*456 

¥ 

182-65 


388*82 

¥ 

671*95 


1032-0 

f '■ 

1*484 

1 

55*088 

i 

185*66 

f 

393*20 

t 

677*71 

■1 

1039-1 

¥ 

1-767 

i 

56-745 

i 

188*69 

i 

397*60 

¥. 

683*49 


104G-3 

1 

2*073 

' I. 

58*426 

1 

191*74 

1 

402*03 

I- 

689*29 

I 

1053-5 

f 

2-405 

t 

60-132 

f 

194*82 

» 

406*49 

f 

695*12 

f 

1060-7 

1 

2-761 

i 

61-862 

i 

197*93 


410*97 

¥ 

700*98 

F 

1067-9 

2 

3*141 

9 

63*617 

16 

201-06 

23 

415*47 

30 

706*86 

37 

1075-2 


3*546 

i 

65-396 

: '.'i' 

204*21 

¥ 

420*00 

■I' 

712*76 

4 

1082-4 

k 

3-976 

i 

67*200 

¥ 

207*39 

¥ 

424*55 


718*69 

¥ 

1089*7 

f 

4*430 

i 

69*029 

1 

210*59 

t 

429*13 


724*64 

f 

1097*1 

1 

4*908 

i 

70*882 


213*82 


433*73 

¥ 

730-61 

i 

1104*4 

1 

5*411 

f 

72*759 

1 

217*07 

1 

438*36 

.f ^ 

736*61 

"4 

1111*8 

4 

5*939 

s 

74*662 

1 

220*35 

1 

443*01 

f 

742-64 

I 

1119*2 

f 

6*491 


76*588 

i 

223-65 

1" 

447-69 

¥ 

748-69 

¥ 

1126*6 

3 

7*068 

10 

78-540 

17 

226*98 

24 

452*39 

31 

754-76 

38 

1134*1 


7*669 

i 

80-515 

f 

230*33 


457*11 

i 

760*86 

■' . 'I-' 

1141*5 

i 

8*295 


82*516 

i 

233*70 


461*86 


766*99 

¥ 

1149*0 

1 

8*946 

f 

84*540 

1 

237*10 

f 

466*63 

3_ 

773*14 

f 

1156*6 

i 

9*621 


86*590 

i 

240-52. 


471*43 

I* 

779-31 

¥■ 

1164*1 

I 

10*320 

1 

88*664 

1 

243-97 

1 

476*25 

I- 

785*51 

1 

1171*7 

% 

11*044 

i 

90*762 

1 

247*45 

f 

481*10 


791*73 

f 

1179*3 

f 

11-793 

i 

92*885 

i 

250-94 

f 

485-97 

I* 

797*97 

"■■■■¥■■ 

1186*9 

4 ■: 

12*566 

11 

95*033 

18 

254*46 

25 

490*87 

32 

804-24 

39 

1194*5 


13*364 


97-205 

¥ 

258*01 


495*79 

i 

810-54 

4 

1202*2 


14*186 


99*402 


261*58 

¥ 

500*74 

¥ 

816-86 

4 

1209*9 

1 

15*033 

I 

101*62 

I 

265-18 

f 

505*71 

f 

823*21 

f 

1217*6 

•1 

15*904 


103*86 

-1 

268-80 

-1 

510*70 


829*57 

i 

1225*4 

1- 

16*800 

I 

106-13 

1 

272-44 

1 

515*72 

1 

835*97 

1 

1233-1 

f 

17*720 

f 

108-43 

f 

276-11 

1 

520*76 

I 

842-39 

'■,1 

1240-9 


18*665 

f 

110*75 

1 

279*81 

i 

525*83 


848*83 

4 

1248-7 

5 

19*635 

12 

113*09 

19 

283*52 

26 

530*93 

33 

855*30 

40 

1256*5 


20*629 


115-46 


287*27 

i 

536*04 

¥ 

861*79 

¥ 

1264-5 

i 

21*647 


117*85 

¥ 

291*03 

¥ 

541*18 


868*30 

¥ 

1272*3 

I 

22*690 

■■ f : 

120*27 

1 

294*83 

f 

546'35 

i ■■■'■ 

874*84 

f 

1280*3 

■1 

23*758 


122*71 


298*64 


551*54 

i 

881*41 

■■i 

1288-2 

1 

24*850 

1 

125*18 

' t : 

302*48 

■ #1 

.556'76 

1 

888*00 

/'f 

1296-2 

1 

25*967 

f 

127*67 

f 

306*35 

f 1 

562*00 

I 

894*61 

1 1 

1304-2 


27*108 

1 

130*19 

i 

310-24 

1 : 

567*26 


901*25 

i 

1312-2 

6 

28*274 

13 

132*73 

20 

314*16 

27 

572*55 

34 

907*92 

41 

1320-2 


29*464 

i 

135*29 


318*09 

i 

577*87 

F 

914*61 

i 

1328-3 

i 

30*679 

i 

137*88 


322'06 


583*20 


921*32 

¥ 

1336*4 

f 

31*919 

I 

140*50 

f 

326*05 

1 

588*57 

f 

928*06 

n 

H 

1344*5 


33*183 

i 

143*13 


330*06 

i 

593*95 


934*82 

¥ 

1352*6 

f 

34*471 

1 

145-80 

t 

334*10 

# 

699*37 

I 

941*60 

1 

1360*8 

f 

35*784 

f 

148*48 


338*16 

f 

604*80 


948*41 

f 

1369*0 

i 

37*122 

1 

151-20 

1 

342*25 

l 

610*26 

■1 

955*25 

F 

1377*2 

7 

38*484 

14 

153-93 

21 

346*36 

28 

615*75 

35 

962*11 

42 

1385*4 


39*^71 

i 

156*69 

i 

350*49 

F 

621*26 


968*99 

1 

1393*7 

i 1 

41*282 

i' 

159*48 

k 

354*65 


626-79 


975*90 


1401*9 

t ! 

42*718 

f 

162*29 

f 

' 358*84 

1 

632*35 

t 

982*84 

1- 

1410*2 

i 

44*173 , 


165*13 


363*05 


637*94 

i 

989*80 


1418-6 

f , 

45:663 


167*98 

1 

367*28 

1 

643*54 

1 

996*78 

1 

1420*9 

f ! 

47*173 

¥ 

170*87 

1 

371*54 

f 

649*18 

f 

1003-7 

s 

? 

1435*3 

f ; 

48*707 


1 173*78 

1 

375*82 

1 

654-83 

4 

1010*8 

7 

F 

1443*7 



TABLE L—Contmued, 


Dia. 

Area. 

Dia, 

Area. 

Dia, 

Area. 

Dia, 

Area. 

Dia, 

Area. 

Dia. 

Area. 

Inch. 

Inches. 

Inch. 

Inches. 

Inch. 

Inches. 

Inch. 

Inches. 

Inch. 

Inches. 

Inch. 

Inches. 

43 

145'2-2. 

51 

2042*8 

59 

2733*9 

67 

3525-6 

75 

4417*8 

83 

5410-6 


1460*6 


2052-8 

. ¥ 

2745*5 

i 

3538-8 

¥ 

4432*6 

■¥ 

5426*9 

■i. 

1469*1 

i 

2062*9 


2757-1 

i 

3552-0 


4447*3 


5443*2 

1 

1477-6 

1. 

2072*9 

1 

2768*8 

f 

3565-2 

ft 

¥ 

4462*1 

ft 

¥ 

5459*0 

■ i 

1486*1 

■■ I' 

2083*0 

4 

2780-5 

i 

3578*4 


4476*9 

i 

6476*0 

'I:. 

1494-7 

* 

2093*2 

f". 

2792*2 

1 

3691-7 

1 

4491-8 

■-I 

5492*4 

i 

1503*3 

f 

2103*3 

f 

2803*9 

i 

3605-0 

i 

4506-6 

f i 

5508-8 

' f. 

1511*9 

i 

2113*5 

i 

2815*6 


3618-3 

•f* 

4521-5 

i 

5525-3 

■ :44 

1520*5 

52 

2123*7 

60 

2827*4 

68 

3631-6 

76 

4536-4 

84 

5541-7 

1 

8 

1529*1 


2133*9 

i 

2839-2 

■¥ 

3645-0 

¥ 

4551-4 

¥ 

5558-2 

i 

1537*8 

i 

2144*1 

i 

2851*0 


3658-4 

i 

4566*3 


5574-8 

I 

1546*5 

f 

2154*4 

f 

2862*8 

1 

3671*8 

I 

4581*3 

.n 

¥ 

5591-3 

-h 

1555*2 

4 

2164*7 

i 

2874*7 


3685-2 

1. 

■ ¥ 

4596*3 

-I 

5607*9 

1 

1564*0 

t 

2175*0 

f 

2886-6 


3698-7 

1 

4611*3 

1- 

5624-5 

t 

1572-8 

f 

2185*4 

f 

2898*5 

'4 

3712*2 

f 

4626*4 

f 

5641-1 

i 

1581*6 

1* 

2195*7 

1 

2910*5 


3725-7 

7 

¥ 

4641*5 

i 

5657-8 

45 

1590*4 

53 

2206*1 

61 

2922*4 

69 

3739-2 

77 

4656*6 

85 

5674*5 

h 

1599*2 


2216*6 

¥ 

2934-4 

1 

■S' 

3752-8 

¥ 

4671-7 

¥ 

5691*2 


1608-1 


2227*0 


2946*4 


3766-4 


4686*9 


5707-9 

I 

1617-0 

i 

2237*5 

1 

2958*5 

¥ 

3780-0 

¥ 

4702-1 

ft 

¥ 

5724*6 

'I' 

1625-9 

h 

2248*0 

i 

2970-5 

*1 

3793-6 

i 

4717-3 


5741-4 

1 

1634-9 

1 

2258*5 

1 

2982-6 


3807-3 

f- 

4732*5 


5758-2 

f 

1643*8 


2269*0 

f 

2994*7 

f 

3821-0 

f 

4747-7 

I 

5775*0 

I" 

1652*8 

i 

2279*6 

1 

3006*9 

i 

3834-7 


4763-0 

*¥ 

5791-9 

46 

1661*9 

54 

2290*2 

62 

3019*0 

70 

3848-4 

78 

4778*3 

86 

5808*8 


1670-9 

i 

2300*8 

1 

3031*2 

¥ 

3862-2 


4793-7 

"W 

5825*7 


1680-0 

i 

2311*4 

i 

3043*4 


3875-9 

1 

4809-0 


5842-6 

i 

1689-1 

1 

2322*1 

f 

3055-7 

1 

3889-8 

# 

4824-4 

f 

5859-5 

■ i 

1698-2 

i 

2332*8 

•1 

3067*9 

1 

¥ 

3903-6 


4839*8 


5876-5 

1- 

1707*3 

1 

2343*5 

•I 

3080*2 

■I 

3917*4 

•1 

4855*2 

1- 

5893*5 

i 

1716*5 

f 

2354*2 

4 

3092*5 

f 

3931*3 

1 

4870*7 

f 

5910*5 


1725*7 


2365*0 

7 

¥ 

3104*8 

"S' 

3945*2 


4886*1 


, 5927-6 

47 

1734*9 

55 

2375*8 

63 

3117:2 

71 

3959*2 

79 

4901-6 

87 

5944-6 


1744*1 

i 

2386*6 

¥ 

3129*6 

¥ 

3973-1 

¥ 

4917*2 


5961-7 


1753*4 

i 

2397*4 


3142-0 


3987*1 

i 

4932*7 

i 

5978-9 

■ f'.i 

1762*7 

1 

2408*3 

1 

3154-4 

I 

4001*1 

1 

4948-3 

f 

5996*0 

i': 

1772*0 


2419*2 


3166*9 


4015-1 

1 

4963*9 

i 

6013-2 

■t ^ 

1781*3 


2430*1 

1 

3179-4 

1 

4029*2 

1 

4979-5 

1 

6030*4 

f : 

1790*7 

I 

2441*0 

f 

3191-9 

-1 

4043*2 

i 

4995*1 

f 

6047*6 

" 1 

1800*1 

f 

2452*0 

■J 

3204*4 

7 

¥ 

4067-3 

■i" 

5010*8 

*¥ 

6064*8 

48 

1809*5 

56 

2463*0 

64 

3216-9 

72 

4071-5 

80 1 

5026*5 

88 

6082*1 

. 

1818*9 


2474*0 

¥ 

3229*5 

¥ 

4085*6 

■ i 

5042*2 

I" 

6099*4 

/ i. 

1828*4 


2485*0 

A 

3242-1 


4099-8 


5058*0 

i 

6116*7 

.vf.. 

1837*9 

f 

2496*1 

I 

3254-8 

t 

4114-0 

ft 

¥ 

5073*7 

3 

¥ 

6134*0 


18.17*4 

i 

2507‘1 


3267*4 


4128-2 


5089*5 


6151-4 

■'i': 

1856*0 

1- 

2518*2 

I. 

3280-1 

1 

4142*5 

1 

5105*4 

1 

0168*8 

f 

1866*5 

1 

2529*4 

1 

3292-8 

f 

4156-7 

f 

5121*2 


6186*2 


1876*1 

7 

’S' 

2540*5 

i 

3305*5 

' ‘i' 

4171-0 


5137*1 

“S 

6203*6 

49 

1885*7 

57 

2551*7 

65 

3318-3 

73 

4185-3 

81 

5153*0 

B9 

6221-1 


1895*3 

l~ 

2562*9 


3331-0 


4199*7 

i 

5168*9 

¥ 

6238*6 


1905*0 

k 

2574*1 


3343-8 


4214-1 

k 

5184-8 


, 6256*1 

1 

1914*7 

f 

2585*4 

1 

3356*7 

: 1 

4228-5 

ft 

¥ 

5200-8 

¥ 

6273*6 

■1 

1924*4 

i 

2596*7 

'.i 

3369*5 


4242*9 


52168 

i 

6291*2 

1 

1934*1 

I 

2608*0 

I 

3382*4 ; 

1 

4257*3 

f 

5232-8 

1 

6308-8 

f 

1943*9 

f 

2619*3 

.. : f. 

3395*3 

I 

4271*8 

f 

5248*8 

1 

: 6326-4 

7 

■g" 

1953*6 

•f 

2630*7 

■ I*' 

3408*2 


4286-3 


5264-9 

i 

6344*0 

50 

1963*5 

58 

2642*0 

66 

3421*2 

74 

4300-8 

st 

5281-0 

90 

6361*7 


1973*3 

i 

2653*4 

"S 

3434*1 

¥ 

4315-3 


5297-1 

¥ 1 

6379-4 


1983*1 


2664*9 

i 

3447*1 


4329*9 : 


5313-2 

t 

6397-1 

I 

1993*0 

f 

2676*3 

i 

3460*1 

ft 

4344*5 

f 

5329*4 

¥ 

6414*8 

i 

I 

I 

i 

2002*9 

2012*8 

2022*8 

2032*8 

i 

1 

t 

2687*8 

2699*3 

2710*8 

2722*4 

i 

i 

4 

4 

3473-2 

.3486-3 

3499-3 

3512-5 

4 

i 

i 

7 

¥ 

4369-1 
4373-8 
4388-4 
4403*1 ^ 

i 

■ A' 

8 

i 

4 

5345-6 

5361*8 

5378-0 

5394-3 

1 

¥ 

1 i 

6432-6 

6450*4 

6468*2 

6486-0 
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TABLE 1.— ’Continued, 


Dia. 

Area. 

Dia. 

Area. 

Dia. 

Area. 

Dia, 

Area. 

Dia. 

Area. 

Inch. 

Inches. 

Inch. 

Inches, 

Inch. 

Inches. 

Inch. 

Inches. 

Inch. 

Inches. 

91 

6503*8 

93 

6792*9 

95 

7088*2 

97 

7389*8 

99 

7697*7 

w 

6521*7 

i" 

6811-1 

■i 

7106-9 

: ..-I. 

7408*8 

■S' 

7717-1 


6539*6 


6829-4 


7125*5 

i 

7427*9 

i 

7736-6 

§ 

6557*6 

f 

6847*8 

f 

7144*3 

a 

¥ 

7447*0 


7756-1 

i 

6575*5 

■1 

6866*1 


7163-0 


7466*2 


7775-6 

i 

6593*5 

1 

6884*5 

§ 

7181*8 


7485*3 


7795*2 

f 

6611*5 

f 

6902-9 


7200-5 


7504*5 


7814-7 

i 

6629*5 

i 

6921-3 

7 

7219*4 


! 7523*7. ■ 


7834-3 

92 

6647*6 

94 

6939-7 

96 

7238*2 

98 

7542*9 

100 

7854-0 

w 

6665*7 

i 

6958-2 

i 

7257*1 


7562*2 




6683*8 

} 

6976-7 

i 

7275*9 


7581*5 



"S' 

6701*9 

f 

6995-2 

R': 

■g" 

7294*9 


7600*8 




i 6720*0 

i 

7013-8 


7313*8 

1 

7620*1 



i 

6738*2 

f 

7032-3 

5 

7332*8 

1 

7639*4 



i 

6756*4 

1 

7050-9 


7351*7 

f 

7658*8 



i 

6776*4 

; i 

7069-5 


7370*7 

■ i 

7678*2 




By this Table, when the number of inches in the diameter of the piston is known, 
the number of square inches in its area can be found on inspection. 

Question 1. — Given the diameter of the piston in inches, to find its area in 
square feet. 

Kule 1.— Find in Table 1. the number of square inches in the area- Divide the 
number thus found by 144. The quotient will be the area of the piston in square feet. 

Example .-^To find the area of a piston in square feet whose diameter is 86} 
inches. ■ ■ ■ ■ ' . 

By Table I. we find that the area in square inches is 5910*5. Dividing this by 144 
we obtain 

144; 5910‘5 

41*04 

which is the area in square feet. 

Question II. — Given the diameter of the piston in inches, and its speed in feet per 
minute, to find the number of cubic feet of steam per hour which passes through 
the cylinder. 

Rule 2. — By Rule 1, find the area of the piston in square feet. Multiply this by 
the speed of the piston in feet per minute, and the product will be the number of 
cubic feet of steam Which passes through the cylinder per minute. Multiply this last 
by 60, and the product is the number of cubic feet per hour. 

Example. — A 50-inch piston moves at the rate of 180 feet per minute. What 
number of cubic feet of steam per hour passes through the cylinder ? 

By Rule 1 we find the area of the piston to be 17*36 square feet. 

Multiply this by 180 : 

17*36 

180 

3124*80 

60 

187488*00 

which is the number of cubic feet of steam per hour which passes through the cylinder. 

In the following Table is given, in the 1st column, the total pressure of steam in 
pounds per square inch ; in the 2nd column, the corresponding temperature; in the 
3rd column, the number of cubic inches of steam wliich wmuld he produced by one 
cubic inch of water; and in the 4th column, the total mechanical etfect produced 
by the evaporation of a cubic inch of water under the pressure expressed in the first 
column. 
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TABLB n. 


Total 
Pressure 
in its. 
per sq. 
incii/ 

■' c 

Corre- 
sponding ] 
TempdSra- 
ture. 

of Steam i 
produced by 
i cubic inch 
of Water. 

Mechanical 
Sffect of a cubic 
inch of Water 
evaporated in 
lbs. raised 1ft. 

Total 
Pressure 
in lbs. 
per sq. 
inch. 

( 

Corre- 

sponding 

Tempera- 

ture. 

3ubic inches 
of Steam 
produced by 
i cubic inch 
of Water. 

Mechanical 

Effect of a cubic 
inch of Water 
evaporated in 
tbs. raised l ft. 

1 

102*9 

20868 

1739 

58 

292*9 

484 

2339 

2 

126*1 

10874 

1812 

59 

294*2 

477 

2343 

3 

141*0 

7437 

1859 

60 

295*6 

470 

2347 

4 

152*3 

5685 

1895 

61 

296*9 

463 

2351 

5 

161*4 

4617 

1924 

62 

298-1 

456 

2355 

6 

169*2 

3897 

1948 

63 

299*2 

449 

2359 

7 

175*9 

3376 

1969 

64 

300*3 

443 

2362 

8 

182*0 

2983 

1989 

65 

301-3 

437 

2365 

9 

187-4 

2674 

2006 

66 

302*4 

431 

2369 

10 

192*4 

2426 

2022 

67 

303*4 

425 

2372 

11 

197*0 

2221 

2036 

68 

304*4 

419 

2375 

12 

201*3 

2050 

2050 

69 

305*4 

414 

2378 

13 

205-3 

1904 

2063 

70 

306*4 

408 

2382 

14 

209*1 

1778 

2074 

71 

307*4 

403 

2385 

15 

212*8 

1669 

2086 

72 

308*4 

398 

2388 

16 

216*3 

1573 

2097 

73 

309*3 

393 

2391 

17 

219*6 

1488 

2107 

74 

310*3 

388 

2394 

18 

222*7 

1411 

2117 

75 

311*2 

383 

2397 

19 

225*6 

1343 

2126 

76 

312*2 

379 

2400 

20 

228*5 

1281 

2135 

77 \ 

313*1 

374 

2403 

21 

231*2 

1225 

2144 

78 

314*0 

370 

2405 

22 

233*8 

1174 

2152 

79 

314*9 

366 

2408 

23 

236*3 

1127 

2160 

80 

315*8 

362 

2411 

24 

238*7 

1084 

2168 

81 

316*7 

358 

2414 

25 

241-0 

1044 

2175 

82 

317*6 

354 

2417 

26 

243*3 

1007 

2182 

83 

318*4 

350 

2419 

27 

245*5 

973 

2189 

84 

319*3 

346 

2422 

28 

247*6 

941 1 

2196 

85 

320*1 

342 

2425 

29 

249*6 

911 

2202 

86 

321*0 

339 

2427 

30 

251*6 

883 

2209 

87 

321*8 

335 

2430 

31 

253*6 

857 : 

2215 

88 

322*6 

332 

2432 

32 

255*5 

833 ‘ 

2221 

89 

323*5 

328 

2435 

33 

257*3 

810 

2226 

90 

324*3 

325 

2438 

34 

259*1 

788 

2232 

91 

325*1 

322 

2440 

35 

260*9 

767 

2238 

92 . 

325*9 

319 

2443 

36 

262*6 

748 

2243 

93 ! 

326*7 

316 1 

2445 

37 

264'3 

729 

2248 

94 

327*5 

313 

2448 

38 

265*9 

712 

2253 

95 

328*2 

310 

2450 

39 ' 

267*5 

695 

2259 

96 

329*0 

307 

2453 

40 

269*1 

679 

2264 ! 

97 

329*8 

304 

2455 

41 

270*6 

664 

2268 ! 

98 

330*5 

301 

2457 

42 

272*1 

649 

2273 

99 

331*3 

298 

2460 

43 

273*6 

635 

2278 

100 

332*0 

295 

2462 

44 

275*0 

622 

2282 

110 

339*2 

271 

2486 

45 

276*4 

610 

2287 

120 

345*8 

251 

2507 

46 

277*8 

598 

2291 

130 

352*1 

233 

2527 

47 

279*2 

586 

2296 

140 

357*9 

218 

2545 

48 

280*5 

575 

2300 

150 

363*4 

205 

2561 

49 

281*9 

564 

2304 

160 

368*7 

193 

2577 

50 

283*2 

554 

2308 

170 

373*6 

183 

2593 

51 

284*4 

544 

2312 

180 

378*4 

174 

2608 

52 

285*7 

534 

2316 

190 

382*9 

166 

2622 

53 

286*9 

525 

2320 

200 

387*3 

158 

2636 

54 

288*1 

516 

2324 

210 

391*5 

151 

2650 

55 

289*3 

508 

2327 

220 

395*5 

145 

2663 

56 

290*5 

500 

2331 

230 

399*4 

140 

2675 

57 

291*7 

492 

2335 

240 

403*1 

134 

2687 
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Having these Tables before us, we shall be enabled to solve, by the common 
principles of arithmetic, a multitude of practical problems of considerable utility, the 
investigation of which will further illustrate and familiarize the principles which 
have been delivered in general terms throughout this article,^^ ^ ^ ^ 

By the power of a boiler, 1 would be understood to mean, in what follows, the 
number of cubic feet of water which the boiler would evaporate per hour in regular 
operation. 

By the speed of the piston, I mean to express the average number of feet per 
minute through which the piston is moved. 

The engine being understood to he in regular and uniform operation, the total 
resistance of the piston will be equal to the total pressure of the steam upon it; and 
the resistance of the piston per square inch of surface will therefore be equal to the 
pressure of the steam in the cylinder per square inch of surface. These terms, 
therefore, may he taken as synonymous. In general, the term presmre of steam is 
understood to mean pressure per square inch. 

The 3rd column in Table II., which is given as expressing the number of cubic 
inches of steam of a given pressure produced by the evaporation of a cubic inch 
of water, will equally express the number of cubic feet of steam produced by a cubic 
foot of water, or, in general, the ratio of the volume of steam to the volume of water 
from which it is produced. 

Question III.— Given the power of the boiler, the pressure of the steam in the 
cylinder, and the speed of the piston, to find the diameter. 

Rule 3.— In the first column of Table II. find the given pressure; the correspond- 
ing number in the third column is the ratio of the volume of such steam to the 
volume of water which produced it. Multiply the power of the boiler by such 
number, and the product will he the number of cubic feet of steam per hour which 
p^ses through the cylinder, which, divided by 60, gives the number of cubic feet per 
minute which passes through the cylinder. Divide this by the speed of the piston 
expressed in feet per minute, and the quotient will be the area of the piston expressed 
in square feet. Multiply this by 144, and the product will be the area of the piston 
expressed in square inches. Find this number, or the nearest to it, in the second 
column of Table I., and the corresponding number in the first column will be the 
diameter of the piston in inches. 

Example. — A boiler evaporates 55 cubic feet of water per hour. The pressure of 
steam in the cylinder is 20 ihs. per square inch. What must be the diameter of the 
cylinder, so as to give the piston a speed of 200 feet per minute ? 

By reference to the first column of Table II. we find, opposite the pressure of 20 tbs, 
in the fost colutim, 1281 in the third column. 

Multiply 1281 by 55 : 

1281 

5 ^ 

70455 

Divide this by 60 : 

60; 70455 

1174*25 

Divide this by 200 : 

20 0;il74*25 

' ' 5*8712 

Multiply this by 144 : 

5*8712 

lU 

845*4528 
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In the second column of Table I. we find 842*39 opposite 32} in* or 32^ in,, and 
848*83 opposite 32|- or 32|f, 

If, then, we take a mean between these, we may assume the diameter of the 
cylinder required to be 32-^ inches. 

Question IV. — Given the diameter of the piston in inches, the total resistance it 
opposes to the moving power, and its speed, to find the power of the boiler. 

Rule 4. — Find in the first column of Table I. the given diameter. The cor- 
responding number in the second column will be the area in square inches, Divide 
the total resistance of the piston by this number, and the quotient will be the 
resistance per square inch, or the pressure of the steam. Find this pressure in the 
first column of Table II., and the corresponding number in the third column will be 
the ratio of the volume of steam to the volume of water which produces it. The 
volume of steam will be found by Rule 2. Let this column be divided by the 
number obtained as above from Table 11., and the quotient will he the power of the 
boiler. 

Example. — It is required to find how many cubic feet of water per hour the boiler 
must evaporate to drive a pistoh of 34 inebes diameter, at the rate of 200 feet per 
minute, against a gross resistance of 18,000 ibs. 

Opposite 34 in the first column of Table I. we find in the second column 907*92. 

Divide 18,000 by 907*92: 

♦ 907-92J18000 

■ ' :■■■ ^ 'I,' ■ ' 19*8 


Looking in the first column of Table IL, the nearest number to 19*8 is 20, opposite 
to which, in the third column, we find 1281. 

By Rule 1, we find the area of the piston to be in square feet 
144; 9Q7*92 
6*305 

By Rule 2, multiply this by 200 ; 


6*305 

200 


1261* 


Multiply this by 60 : 


1261 

60 


75660 


Divide this by 1281 : 


128i ;75660 
59*06 

The boiler must therefore evaporate 59 cubic feet of water per hour. 

Question V. — Given the power of the boiler, the diameter of the piston and its 
speed, to find the pressure of steam upon the piston, or, what is the same, 
its resistance per square inch. • 

Rule 5. — ^By Rules 1 and 2, find the number of cubic feet of steam per hour 
which passes through the cylinder. Divide this by the power of the boiler, and the 
quotient will he the number of cubic inches of steam which would be produced by a 
cubic inch of water. Find this number, or the nearest to it, in the third column of 
Table IL, and the corresponding number in the first column will be the pressure 
of steam in the cylinder, or the resistance of the piston per square inch. 

Example.— What total resistance per square inch will a 35-inch piston, supplied 
by a boiler evaporating 55 cubic feet an hour, drive at the rate of 200 feet per 
minute ? 




In Rules 1 and 2, we find the number of cubic feet which pass through the cylinder 
as follows : the diameter of the piston being 35 inches, we find by Table L that its 
area is 962*11 square inches ; and by Rule 1, that this is equal to 6*68 square feet. 
Multiplying this by 200, by Rule 2, it gives the product 1336, which, multiplied by 
60, gives 80,160 as the number of cubic feet of steam w^hich passes through the 
cylinder per hour. Divide this by 55, and we find the quotient 1457^. Looking in 
the third column of Table II., we find the number 1488 opposite 17, and 1411 
opposite 18. Taking a mean between which, we may assume the required pressure 
to be 17i lbs. per square inch. 

Question VI. — Given the power of the boiler, the pres- 

sure of steam in the cylinder, and the diameter of 
the piston, to find its speed. . 

Rule 6. — In the first column of Table II. find the * * 
given resistance or pressure : the corresponding number 
in the third column, multiplied by the power of the 
boiler, will give the number of cubic feet of steam per 

hour which passes through the cylinder. Divide this 

by the area of the piston in square feet, found by Rule * 

1, and the quotient will be the speed of the piston in 
feet per hour, which, divided by 60, will be the speed of 
the piston. # 

Example. — ^With what speed will a 35-inch piston 
be driven against a resistance of 20 lbs. per square inch 

by a boiler which evaporates 56 cubic feet of water | 

er hour? & 

Opposite to 20 in the first column of Table II. we « 

find, in the third column, 1281. Multiply this bv 56 : A | 

1281 ' I 

71736 ilo 

By Rule 1, we find that the area of the piston in "w 
square feet is 6*68. ” -- J ^ 

Divide 71736 by 6*68: | | ^ 

6-68 ^71736 ” | 

10739 ■■ ® 

Divide this by 60, and the quotient, 179, very nearly, ■ - '§ 

will be the speed of the piston, I 

SECTION XXVII. — ILLUSTRATIONS. 

The following diagrams and descriptions of the prin- 
cipal parts of steam engines, which have been explained 
in general terms in the preceding sections, will render 
the principles which govern the operation and structure 
of these machines still more clearly and easily under- 
stood, 

MERCURIAL STEAM GAUGE EOR LOW-PRESSURE ” * 

BOILERS. 

In the figure annexed this instrument is represented : 
c is a tube leading from that part of the boiler within « • « i 
winch steam is contained ; d a stop-cock to open or 
close the communication at pleasure ; m ^ m is a sii)lion 
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tube of iron, which extends to a height sufficiently great for a column of mercury 
representing the pressure of steam in the boiler. 

At M m are two small apertures, stopped by screws, which can be opened or closed 
at pleasure. The tube is filled through an opening at n until the mercury shall flow 
from the holes m m. The opening n is then closed as well as the apertures m m, a 
small quantity of water having been previously let in through the opening R, on the 
surface of the mercury at m. A float is placed upon the mercury in the longer leg of 
the siphon, from which a string is carried over the pulley j?, to which a small index 
(s) is attached, which plays upon a divided scale. 

Let us now suppose the stop-cock opened, steam will flow from the boiler and 
press upon the fluid in o. The column of mercury in the leg m will be pressed 
down to some point, such as a?, and the column in the longer leg of the siphon will 
be raised to a point as much above m as x in the short leg is below m. 

As the mercury in the long leg rises, it will raise the float, the countei'poise of 
which (s) will of course descend, and the scale is so adjusted that it indicates the 
height of the column of mercury from x in the short leg to x in the long leg, which 
column balances the pressure of steam in the boiler, or, more correctly speaking, it 
balances the excess of the pressure of the steam in the boiler above the atmosphere ; 
in fact, the atmosphere, pressing through the open mouth of the tube upon the 
mercury in the longer leg, combines with the column of mercury in balancing 
the pressure of steam in the boiler. If, then, 2 inches of mercury betaken to express 
a pound per square inch, to which it is very nearly equal, such gauge will at once 
indicate the number of pounds per square inch by which the pressure of the steam in 
the boiler exceeds that of the atmosphere. 


MERCURIAL STEAM GAUGE FOR HIGH-PRESSURE BOILERS. 

In high-pressure boilers, a mercurial gauge of the form shewn in 
the preceding figure would he inconvenient, owing to the great 
height of the column of mercury which would be necessary. In 
this case a gauge of another form is made use of, an example of 
which is shewn in the annexed figure. Let ab be a cistern of 
mercury ; let i be a glass tube, open at the lower end and closed 
at the upper end, immersed in the mercury, and containing air in 
its ordinary state. When the stop-cock d is open, the steam from 
the boiler rushes through the passage c, and pressing on the 
mercury in the cistern, vrill raise a column of mercury in the tube, 
by which the air in the tube will be compressed. When the air is 
compressed into half its original hulk, its pressure will be doubled; 
when it is compressed into one-third, its pressure will be in- 
creased in a threefold proportion, and so on. The pressure of the 
steam therefore will be measured by the space into which it is 
able to compress the air in the tube. When great accuracy is 
required, a slight correction will have to be made for the column 
of mercury sustained in the tube, ^ a tb. per square inch being 
added to the pressure indicated by the compression of the air for 
every inch of mercury sustained in the tube. 

BAROMETER GAUGE. 

This gauge is constructed in various forms. In the following 
figure the cistern a contains mercury; the barometer tube is 
immersed in it, and the top of the tube, formed into a siphon, 
communicates with the condenser; a stop-cock p being placed 



between them so as to open or close the Barometer Gauge. Siphon Do. 

communication at pleasure. 

SIPHON BAB.OMETER GAUGE. /{l \ 

The second figure is another form, in l 

which the barometer is a siphon, like the A I • 

steam gauge. The tube and stop-cock p if I T 

communicate with the condenser, and the ' I ; 

other leg of the siphon is open to the at- j * I : 

mosphere. A hole, stopped by a screw ^ _ * j ■ 

a, is placed in one of the legs : mercury | _ i ^ 

being poured in at the other leg, the | . ^ f 

siphon is filled until the mercury begins | - I 

to flow from the hole a. The fluid then | ‘ e 

will stand at the same level in both legs. I ' e 

The hole o. being then stopped, and the | . e 1 

stop - cock p opened, the upper part pa | . I ^ 

of the tube will be filled with the uncon- | . p 

densed vapour of the condenser, which will 
of course press upon the column of mercury 
in the siphon. 

The other leg of the siphon off being open to the atmosphere, will be subject to 
the atmospheric pressure ; and the column of mercuiy in the leg p a, which is above 
the level will represent the excess of the pressure of the atmosphere above the 
pressure of the uncondensed steam, which is the indication the barometer gauge is 
required to give. 

This siphon being made of iron, afloat is placed on the mer- | 

cury at a?', having a rod, at the top of which is an index, which | 

plays upon a scale so graduated as to express the difference l|Wp® 
of level of the mercury in the two legs of the siphon. I S » * 

GLASS WATER GAUGE. 

In the annexed figure is represented the glass water gauge U - 

described in the text. Its communications with the boiler are ^ 

opened and closed at pleasure by the cocks r. When the ^ 

cocks r are both open, the upper end of the tube a is in free E. 

communication with the upper part of the boiler where steam = 

is contained, and the lower end of the tube a is in communica- ^ 

■■ ■■■ . 

tion with the lower part of the boiler where water is contained. s 

Water enters below and steam above, and as the pressure in 
the gauge tube is the same as the pressure in the boiler, the 
level of the water in the tube will he the same as the level of 
the water in the boiler. At the bottom of the tube is placed a ^ ^ 

$top-cock Sf for the occasional discharge of water from the tube. 

THE SPRING SAFETY VALVE FOR HIGH-PRESSURE BOILERS. 

In the following figure is represented the safety valve, as used in high-pressure 
engines. The conical valve is represented in its seat, its spindle s being pressed down 
at A by the lever b a c, c is a fixed pivot, on which the lever plays. The pressure 
on the spindle of the valve at a is produced by a nut at b, which presses that end of 
the lever downwards. This nut works upon a screw, which screw is attached to a 
spnng balance l, the lower end of which is firmly attached to a fixed point p. The 
nut at B may be turned so as to submit the valve to any pressure within the limit of 
the action of the spring balance. As the nut is turned, the spring becomes mote and 
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more compressed. An index and scale are attached to the balance, the scale being so 
divided as to express the number of pounds per square inch by which the valve is 
pressed upon its seat. Thus, if the nut b be turned until the index shews the pres- 
sure of 50 ibs., then the force on the valve will be at the rate of 50 ibs, per square 

A ■■ '' C 


b 

inch, and the steam will be confined in the boiler until it has 
attained such pressure: when the pressure exceeds that limit, 
the lever at b will, by the action of the steam on the valve, 
press the nut upwards with a force greater than the energy 
of the spring, and the spring will consequently be further 
compressed, the valve at the same time opening and allowing 
the escape of the steam. 

There is nothing in the principle of this valve essentially different from the com- 
mon safety valve, directly loaded with a weight; but in boilers where high pressures are 
used, the quantity of weight which it would be necessary to place on the valve would 
he inconvenient. A comparatively small force, holding b downwards, will produce a 
multiplied effect at a, in the proportion of the length of the lever b c to a c. Thus, 
if B c be 20 times a c, a force of 5 tbs. at n will produce 100 lbs. at a. 

watt’s indicator. 

This little instrument, already described in the text, will he rendered more Intel- 
ligible by the annexed diagram ; fig. 1 repre- 2 . 

seating a front view in section, and fig. 2 a side 
elevation. The rod attached to the piston plays 
through a collar at a. At ^ is a pencil-holder. 

At s is a screw by which the instrument is 
inserted in a hole provided for it in the top of 
the cylinder. At is a stop-cock, by which 
a communication may he opened or shut at 
pleasure between the indicator and the cylinder. 

The piston-rod of the indicator is surrounded by 
a spiral spring, the lower extremity of which is 
attached to the piston and the upper extremity to 
a fixed piece u, containing the hole through which 
the piston-rod plays. When the piston rises, 
the spring is compressed ; and when it falls, the 
spring is extended. The spring is in equilihrio 
when the piston is at the middle of the cylinder, 
and the space through which it rises and falls 
is, from the known properties of this species of 
spring, proportional to the force which presses 
the piston upwards or downwards. When both 


extremities of the cylinder are open to the atmosphere, the spring is at rest, and the 
piston in the middle of the cylinder; hut when steam is allowed to pass from the 
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cylinder to the indicator, by opening the stop-cock d such steam will press the piston 
upwards, and compress the spring with a force equal to the excess of the pressure of 
the steam above that of the atmosphere. When, on the other hand, a vacuum is 
produced in the cylinder by the condensation of the steam, the same vacuum will be 
produced under the piston in the indicator, and the piston will be forced downwards 
by the excess of the pressure of the atmosphere above that of the uncondensed 
vapour in the cylinder. 

If an index were placed near the extremity of the piston-rod the pencil, ascend- 
ing and descending on this index, would indicate by the space through wloich it 
would ascend the excess of the pressure of the steam over that of the atmosphere, 
and by the space through which it would descend the excess of the pressure of the 
atmosphere over that of the uncondensed vapour. Both spaces added together, or 
the entire play of the piston, would therefore indicate the excess of the pressure of 
the steam above the pressure of the uncondensed vapour which resists it, and would 
therefore indicate the effective force of the piston, exclusive of friction. 

But as the piston of the indicator would be in rapid and continued motion, 
it would not be easy to observe and record the limits of its play, and still more diffi- 
cult to note the rapidity of its motion. An ingenious expedient was therefore con- 
trived to enable the engine itself to record these effects, which converted the indicator 
into a self-registering instrument. A small square frame a b was constructed, the 
breadth of which was somewhat greater than the extreme play of the piston of the 
indicator. In it was placed a card, capable of sliding in a horizontal direction in 
grooves : a string e was fastened to the side of the card, and, passing under a pulley, 
was carried upwards towards and attached to some part of the machinery which 
rises and falls with the piston of the engine. Another string f was attached to the 
other side of the card, and carried over a pulley and fixed to a small weight w. 
When the piston rises, the string e is drawn to the left, the card drawn in the same 
direction, and the weight w rises. When the piston falls,, the weight w, acting on 
the string/, draws the card to the right. 

Thus, as the piston rises and falls, the card is drawn alternately through a certain 
space left and right. 

Let us now suppose steam admitted above the piston of the engine, pressing the 
piston down, this steam presses the piston of the indicator up, and the pencil tf pass- 
ing on the card, would, if the card were at rest, mark upon it a straight line, the 
length of which would indicate the pressure of the steam ; but as the card is drawn 
from left to right while the piston falls, the pencil will describe upon it a curve by 
the combined effects of the vertical motion of the pencil and the horizontal motion 
of the card. The suddenness of the curvature thus described will indicate the 
rapidity of the action of the steam on the piston. 

When the piston has reached the bottom of the cylinder, and the upper exhausting 
valve is opened, a vacuum is produced in the cylinder, which vacuum extends to the 
indicator, the piston of which therefore descends, the pencil t descending at the same 
time and at the same rate. While this takes place the card is moved from right to 
left, and a corresponding curve described upon it by the pencil, the curvature of 
which will indicate the suddenness with which the vacuum is produced, as well as its 
degree of perfection. 

what has been stated it will appear, that in a single ascent and descent of 
the pijston, or in one stroke, as it is technically called, a diagram will he formed upon 
the card, which will exhibit not only the entire mechanical effect of the steam acting 
on one side against the uncondensed vapour on the other, but will shew the entire 
character of its progressive action at every point of the stroke. Such a diagi’am is 
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exhibited ih the annexed figure. Let o x be a horizontal line. Let o y he the ver^ 
tical scale which measures the pressure of the steam according to the movement of 
the indicator. Let o be the level to which the pencil would be depressed, if there 
were a perfect vacuum in the cylinder ; then the height of the pencil at any moment 
above the level of the horizontal line o x will indicate the absolute pressure of the 
steam in the cylinder, independently of any consideration of the pressure of the 
atmosphere. Let a be 
the position of the ' 
pencil at the moment 
steam is admitted is 
above the piston. By 
the action of the steam 
the pencil will sud- 
denly start up to B, 
and after the piston 
has commenced its 
action, it will rise a 
little higher, the card 
meanwhile being drawn to the left. The line will he traced on the card by these 
means, as represented at b m jw' and As the piston approaches the bottom of 
the cylinder, if the steam be cut off before the completion of the stroke, the pressure 
will diminish, and firom c to b the pencil will fall. Let e he its position at the end 
of the stroke, the card being undarstood to be moved from right to left through the 
space p a during the stroke. We may consider this motion of the card as represent- 
ing the motion of the piston, with which it is simultaneous and proportionate. At 
the commencement of the stroke, the height a p of the pencil above o x represents 
the pressure of the uncondensed Vapour which was then above the piston; the 
height B p represents the pressure of the steam immediately on its admission; the 
height m p represents its nearly uniform pressure throughout the former half of the 
stroke; and the decreasing height of the curve from c to e, above the line o x, 
represents the decreasing pressure of the steam throughout the remainder of the 
stroke, b a represents the pressure of the steam at the termination of the stroke. 

The piston now commences its ascent. The upper exhausting valve being opened, 
and the steam allowed to flow to the condenser, according as it is condensed a 
vacuum is formed while the piston is rising, and while the card is moved hack from 
left to right under the pencil. Starting from b, the pencil begins to fall, and falls 
more and more as the vacuum becomes more perfect. At g the vacuum attmns its 
most perfect state, and the line from g towards a continues nearly horizontal, its 
height above o x representing the nearly uniform pressure of the uncondensed steam ; 
hut just before the termination of the stroke the steam is admitted from the boiler, 
and the pencil rises to a. The height of the curve e o a at every point represents 
the varying pressure of the uncondensed vapour which resists the ascent of the piston. 

Now although that portion of the curve below the line a e represents the state of 
the vacuum above the piston dihring its ascent, it may be taken to represent the state 
of the vacuum below the piston in its descent, for the same circumstances which 
affect one equally affect the other; and We mayconsid^ the diagram generally as 
representing not only the pressure of the steam which the piston downwards, 
hut also that of the uncondensed vapour which resists its descent. 

It appears then that the varying heights of the points of the upper curve b c b 
represent the varying pressures on the piston during its descent ; and the average 
pressure upon the piston may he obtained by taking the average of these heights. 
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In Uke manner, the heights of the lower curve A 6 e may be taken to 
the varying pressures or resistances of the uncondensed vapour under the piston 
during its descent; and the average of all these heights will give the average Of such 
resistances. If then we subtract the average of these resistances, represented by the 
lower curve, from the average of the pressures represented by the upper curve, we 
shall obtain the etFective pressure of the steam in urging the piston. 

However accurately such an instrument as this may he constructed, it must he 
admitted that it cannot be depended on as affording any exact measure of the power 
of the piston. Its chief value, as stated in the text, is the indication it affords of the 
degree of perfection of the vacuum and of the suddenness of its, formation. The curve, 
E G should fall to its least height speedily. It is not until it attains, its least height 
that the vacuum has attained its greatest perfection. For the rest, the use of the 
instrument is sufficiently explained in the text. 


BOILERS ANP THEIR APPENPAGES. 

In fig. 1 is represented a waggon boiler 
in cross section, and in fig. 2 the same in 
longitudinal section. The same letters 
indicate the corresponding parts in the 
two drawings. 

a is the grate supporting the burning 
fuel ; h and h' represent the fine which 
surrounds the boiler; ec are the gauge- 
cocks described in the text ; « is the 
steam pipe which leads from the boiler 
to the cylinder ; is the safety valve, 
the pressure upon which may be regu- 
lated by the sliding weight The lever 
has a fixed pivot at^. 

The spindle of the valve is attached to 
it at f ; h is a fork to keep the gp 
in its position. The weight g produces 
an effect at i, which is multiplied by the 
lever in the proportion of gp to ip : thus 


Fig. 1. 
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if ijiri? be 3 tiiaes ij?;, then 2fhs. suspended at g will produce a pressure of 6 lbs. at ?. 
The opening which appears immediately above the valve is the end of a discharge 
Fig- 2 . pipe for conducting away the steam which escapes from 

the safety valve* When the pressure of the steam in 
the boiler exceeds the pressure produced by the weight 
upon the safety valve, the latter will be raised, steam 
will escape around it, and issue through the waste pipe. 

^ Sometimes this steam is allow^ed to escape into the 

m l ill atmosphere, and sometimes it is conducted into the 

ill li cistern of water by which the boiler is fed, where it is 

llll condensed, and has the effect of raising the temperature 

H of the water. By this means a portion of heat which 

B would have been otherwise wasted is carried back to 

g the boiler. The internal safety valve 

E represented at xyz. This valve 

^ presses at n within the boiler, and is 

B iJlI IL di*awn up into its seat by the end of 


the lever z. y is the pivot which supports the lever, and a weight suspended from x' 
draws z upwards. When a vacuum is produced within the boiler by the condensation 
of the steam, the pressure of the external atmosphere forces the valve u open, and 
the air enters and fills the boiler. 

The self -acting feeding apparaitts is represented at wuhy Sfc . — A tube I is attached 
to the top of the boiler, and descends within it to a point below the level at w^hich 
the water should stand. The pressure of the steam within the boiler, acting upon 
the water, supports a column of water in this tube 1: on the surface of this water at o 
rests a float, sustained by a chain g, which passes over two pulleys represented in 
figure 1, and which, descending from the second, is attached to a rod r, wliich sup- 
ports the damper. This chain, as it rises and falls, raises and lowers the damper, and 
opens or closes, more or less, the flue across which the damper passes. 
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When the pressure of steam in the boiler is unduly augmented, the column of 
water it supports in I rises ; with it rises the float a, and consequently the damper 
Mis, contracts the flue, diminishes the draft, mitigates the intensity of the furnace, 
and renders the evaporation less rapid in the boiler. When, on the other hand, the 
evaporation in the boiler does not proceed fast enough, the pressure of the steam in 
it is unduly diminished, and the column of water it supports in the tube I is lowered; 
the float 0 falls, and the damper r rises ; the opening of the flue is enlarged, the draft 
increased, the furnace stimulated, and the evaporation augmented. 

In this manner the varying demands of the engine on the boiler are supplied by 
the varying power of the furnace, the wants of the engine producing the requisite 
effect on the boiler. 

The float m rests on the surface of the water vrithin the boiler; a wire sustaining 
it passes steam-tight through a collar in the top of the boiler, and is attached to the 
extremity of a lever which is balanced by a weight w at the opposite end ; a rod is 
attached at u to this lever, which descends to the bottom of the small hole in the hot 
water cistern ife, and is attached to a valve at the bottom of this cistern whicb opens 
upwards. When u rises, this valve is opened ; when it is pressed down, this valve is 
closed. The cistern ^ is supplied by a small pump called the hot water pump ^ 'which 
draws water from a reservoir which receives the discharge of the condenser of the 
engine, as thrown out hy means of the air pump. 


Waggon Boiler. 



This water is tlms pumped by the engine itself into the cistern h, and a waste pipe 
is provided for the discharge of so much of it as is not consumed by the boiler. 
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Whe the boiler begins to be exhausted, thie level falls, and with it 

the float w; this draws down the extremity v of the lever, and raises «, by which the 
valve 0 is opened, and the water from the cistern * allowed to descend by the tube I ; 
and this continues until the level of the water in the boiler is raised to the proper 
point : the float w is raised with it, and the end v of the lever also raised, and the 
valve 0 closed. 

In fact, however, the effect produced is not that of opening and closing the feeding 
valve 0 ; the latter becomes adjusted in such a manner as to let a continuous stream 
from the cistern k into the tube by which the level of the water in the boiler is 
maintained at its proper height. 

All these arrangements will be still more clearly understood by means of the 
foregoing drawing, which represents the waggon boiler, with all its appendages, in 
perspective. The grate and a part of the flues are rendered visible by the removal of 
a portion of the masonry in which the boiler is set. The interior of the boiler is also 
shewn by cutting off one-half of the semi-cylindrical roof. 

THE SLIDE VALVES. 

In the annexed figures are represented the most usual forms of slide valves. 


Fig.i. 





Eig, 1 represents in section the cylinder, piston, and slide : s 
is the mouth of the steam pipe, coming from the boiler ; e is the 
pipe leading to the condenser ; t is the rod which is attached to 
the slide, moving through a stuflfing-hox mn. This slide is 
represented in longitudinal section, separately, in fig. 3, and in transverse section in 
fig. 4. In the position of the slide represented in fig. 1, the steam passing from the 
boiler enters at s, and passes to the bottom of the cylinder through the opening 
and acts below the piston, causing it to ascend. The steam which was above the 
piston escapes through the opening at and descending through a longitudinal open- 
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ing in tlie sMe behind of the steam pipe, finds its way to the pipe e, and 

thrcmgh that to the condenser. 

When the piston has reached the top of the cylinder, the slide will have been 
moved to the position represented in fig. 2. The steam now entering at s passes 
through the opening a into the cylinder above the piston, while the steam which was 
below it escapes through the opening I and the pipe e to the condenser. 

The form of the valve, from which it derives its name of C-valve, is represented in 
fig. 4. The longitudinal opening through which the steam descends then appears in 
section of a semicircular form. The packing at the back of the slide is represented 
at k\ this is pressed against the surface of the valve box. 
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SECTION I.— RELATION BETWEEN THE WEIGHT OP FUEL AND THE HEAT 
WHICH IT GENERATES. 

The problem of measuring the heat evolved in the combination of bodies is one of 
essential importance in connection with many of the arts of life, and has accordingly 
received the attention of distinguished scientific men. Count Rumford, Crawford, 
Watt, Black, Lavoisier, Dalton, M, Despretz, M, Dulong, M. Hess, M. Arago, Berzelius, 
Dr. Ure, are amongst the names of those who have devoted themselves to the inquiry. 
The results of the earlier experiments must he regarded as approximations towards 
the more precise data which have been within the last few years obtained ; and the 
conclusions derived by the first labourers in this branch of science have consequently 
undergone considerable modification. 

The experiments of M. Dulong, and of others subsequently, especially those of 
M. Hess, and of Dr. Andrews of Belfast, appear to have been conducted with the 
greatest accuracy, and with those precautions, as regards the arrangement of the appa- 
ratus, the mode of manipulation, and the reduction of the obseivations, which are 
indispensable to insure correct and consistent results. 

.These experiments may be considered as establishing the following general conclu- 
sions.f 

The quantity of heat disengaged hy different substances is very different. 

Hydrogen, for instance, produces about four times the heat derived from an equal 
w^eight of carbon, and fourteen times the heat from an equal weight of sulphur, in 
the act of combining with oxygen. The observations of the earlier inquirers, including 
some by Despretz, indicated a constant relation between the weight of oxygen which 
entered into combination with the burning fuel and the heat that was evolved ; in 
other words, that a pound of oxygen would generate in each case the same quantity 
of heat, whether in combining with hydrogen, carbon, alcohol, ether, or other com- 
bustibles. This conclusion, which would not be inconsistent with the law expressed, 
inasmuch as the combining proportions of oxygen and combustible bodies difier 
greatly for different bodies, is, however, not supported by later experiments. 

Th^ quantities of heat evolved are {marly) the same for the same substance, no 
matter at what temperature it bums, 

From this law it follows, that the rate at which combustion may proceed does not 
affect the quantity of heat produced by a given weight of fuel. The rate of combus- 
tion is proportional to the temperature excited and to the supply of oxygen delivered. 
A potind of carbon generates precisely the same quantity of heat, whether it is burnt 

* Extr^id^d from * Observations on the Consumption of Fuel and the Evaporation of Water in 
lA>comotiye and otbcar Steam Engines.* By Edward Woods, C. E., Liverpool. 

, t See Ptdl,.Mag, ‘ Summary of Discoveries on the Heating Powers of Bodies.* 
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with rapidity in an intensely heated furnace, under the influence of a powerfulblast, or 
whether it is consumed slowly in an Arnott's stove, wherein the supply of oxygen is 
purposely limited, in order to moderate the intensity of the heat, and prolong the 
duration of the effect. 

Some engineers have believed that the greatest economy in fuel is obtained in 
cases of very slow combustion, and this mode of applying heat has been adopted with 
apparent advantage in the so-called ^ Cornish boilers but if the fact be so, for which 
reasonable doubt exists, the cause is owing partly to the retention of the heat for a 
longer time in the spaces around the boiler, and thereby increasing the ratio of the 
heat absorbed by the boiler to the heat which escapes up the chimney ; and partly, 
perhaps, also, with certain descriptions of coal, to their inability to withstand an 
intense heat very suddenly applied, without undergoing a change of form which is 
unfavourable to a complete combustion. 

The quantities of heat evolved by carbon and hydrogen, as ascertained by Br. An- 
drews,* whose results accord very closely with those of M. Bulong, are as follows : 

1 gramme carbon evolves 7900 (French) units of heat. 

Ido. hydrogen,, 33808 ditto. 

The unit they adopt is the amount of heat required to raise, through one degree 
centigrade, one gramme of water at the temperature at which the experiment is per- 
fbrmed.t 

Reducing the results to English weights and measures, and taking the unit as the 
amount of heat required to raise through one degree Fahrenheit one avoirdupois pound 
of water at the temperature of the experiments, we find that in combining with oxygen 
1 pound of carbon evolves 14220 (Englisb) units of heat. 

Ido. ofhydrogen ,, 60854^^^^ 

These amounts of heat, applied to the evaporation of water already raised to the 
temperature of 212° Falirenheit, assuming that the latent heat of steam of the same 
temperature is 972°, would produce the following effects : 

1 pound of carbon will evaporate 14*6 pounds water from 212° Fahr. 

Ido. ofhydrogen „ 62*6 do.| 

These numbers may he therefore taken to express the highest! duty which the 
above-named elementary substances, in their purest state, can possibly accomplish, 


N ■ 




* PHI. Mag, Aug, Sept. 1844. 

t Table of Results of Dr. Andrews^ Expenmenis on other SiAbstances* (PA*7. Mag, Aug. 
■ Sept. 1844.) , 


1 gramme carbonic oxide . , . , . evolves S!431 units of heat. 

1 do. marsh gas • . . . . . 13108 do, 

1 do. olefiant gas . . , . • . „ 11942 do. 

1 do. alcohol (sp. gr. 07959) at 59® Fahrenheit „ 6850 do. 

1 do, sulphur . . . . ... „ 2307 do. 

1 do. phosphorus . . . . . . „ 6747 do. 

ic . . . . . . . „ 1301 do. 

1 gramme (French) = *00220606 lbs. avoirdupois, 

100 degrees centigrade = 180 degrees Fahrenheit, 


t 14220 units — 972® = 14*6. 

60854 do. -^ 972® = 62*6. 

! The second measure of heat, here adopted, is a common and convenient one ; but it may be 
necessary to explain that it supposes the heat imparted to the water to be directly and entirely 
carried off in the steam, and lost, and by no means involves the proposition, that under certain 
other circumstances, — as for instance when the heat of steam evaporated in one stage of the process 
is applied to the evaporation of water in a subsequent stage,— the duty of fuel cannot be increased 
beyond the numbers here given. 
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supposing th^ entire heat disengaged to be communicated to the water, andnonelost 
by external radiation and conduction. 

The duty expressed by the above numbers we shall term the * theoreticar duty of 
the fuel in evolving heat, not using the word to denote an effect not yet ascertained 
in fact, but by way of contrast to the effective working duty of fuel as used in com- 
mon practice. 

It is almost superfluous to state, that the necessary conditions for obtaining the 
‘theoretical' duty, as regards the purity of the fuel and the prevention of ex- 
traneous dispersion of heat, can only be fulfilled approximately; but it is neverthe- 
less important to know the ultimate limit of duty, in order to be able to compare it 
with the actual working duty in each case of the application of fuel in the furnace. 
The difference will render manifest the amount by which the working duty falls short 
of the theoretical, and the proportion between the one and the other will be the true 
measure of the degree of perfection attained in any given boiler and furnace. 

The heat evolved in the comhmtion of certain of the compound gases is the same 
(pearly) as that evolved in the comhcstion of their constituents s^arately. 

This law* holds good in regard to the gases compounded of carbon and hydrogen. 
Such, in fact, are the gases distilled from bituminous coal when exposed to a red beat. 
Let us apply the law to the cases of light carburetted hydrogen and olefiant gas. 

Light carburetted hydrogen is composed of 

Carbon . , . . . . . 1 equivalent; weight = 6T2 

Hydrogen , . . . . . 2 do. do. = 2*00 

Light carb. hydrogen . . 1 equivalent; weight — 8*12 

Supposing the elements to be burnt separately, 

The carbon would produce 48348 units heat =:= 7900 x 6*12 
The hydrogen ,, 67616 do. 33808 x 2 

115964 do. 

which number, divided by the weight 8*12, gives a quotient of 14281 units of heat 
for each gramme of the compound. 

The. heat resulting from the combustion of light carburetted hydrogen is in fact 
(see Table, page 507) 13108 units. 

In the case of olefiant gas the agreement is closer. Olefiant gas is composed of 
Carbon . , , . , . 4 equivalents ; weight 24*48 

Hydrogen . .... 4 do. do. 4*00 

Olefiant gas .... 1 do. do. 28*48 

Supposing the elements to be burnt separately, 

The carbon would produce 193392 units of heat. 

The hydrogen „ 135232 do. 

328624 do. 

which number, divided by the weight 28*48, gives a quotient of 11539 units of heat 
for each gramme of the compound. 

The combustion of 1 gramme of olefiant gas produces (see Table, page 507) 11942 
units of heat. 

From the above considerations it would at first sight appear probable that the 
heating duty of fuel is equal (nearly) to the sum of the separate duties of its 
constituent combustible elements, supposing these to be fully oxidized; and that 
when the composition of any given coal or coke is known, its theoretical value in 

* The correspondence may be conceived to be the closest when the constituent gases, in com- 
bining, neither set feee nor bind any heat. 
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generating heat could be assigned accordingly. But it so happens that jthe elements 
out of which the gaseous combustible products of coal are formed exist in coal in the 
solid state, and require for their conversion into the gaseous state, and before they 
are in the condition themselves to burn and evolve heat, a large quantity of heat 
derived from the previous combustion of other parts of the fuel. The quantity of 
heat thus abstracted has never been accurately ascertained, hut is supposed, on 
a rough computation, to amount to little less than the heat afterwards evolved in 
the combustion of the gas. It has accordingly been often remarked that those coals 
which contain the least gas are practically the strongest. 

In the absence of direct experiment, we are perhaps not jusMed in assuming that 
the heating value of any description of coal containing hydrogen exceeds that of the 
carbon it contains. 

Upon this assumption, the following rule for the heating value of fuel will apply: 

Multiply the weight (in lbs.) of carbon in the fuel by 14*6, and divide the product 
by the weight of the fuel in ibs. : the quotient is the theoretical heating power 
of rib. of the fuel. 

Thus, for instance, to take the best Newcastle caking coal, which on an average of 
specimens was found by Mr. Kichardson (see Phil. Mag. 1838, vol. xiii, p. 121). 

88* carbon. 

5*2 hydrogen, 

6*4 azote and oxygen, 

1’4 ashes. 

100*0 

Cart)on 88 x 14*6 == 1284*8 

Theoretical duty of lib. of dry coal is equal to 12*84 tbs. water evaporated from 
212*^ Fahrenheit. 

When it is considered that even in the same mines the quality of the coal varies 
materially, and that, comparing the bituminous coals obtained from different mines, 
the proportion of carbon ranges from 60, or even less, to 88 per cent., and the 
quantity of ashes from 1 to 15 per cent, and upwards, it is obvious that no constant 
' expression of the value can he assumed, hut that it is necessary in each case to 
ascertain the specific composition and assign the duty. 

We shall hereafter inquire how far the theoretical and worMng duties differ, and 
explain some of the causes of the difference. 

Relation detween Mechanical Force and the Heat which produces it* 

One of the most important and interesting inquiries relative to the steam engine 
is that whicli traces the Gonnection between the heat expended and the force 
, produced. 

The method of separate condensation discovered by Watt, — the application by 
Woolf and Hornblower of the force of expanding steam, —occasioned an important 
, change in the relation of heat to power, and increased in a remarkable manner 
the dynamical value of fuel. 

There are no sufficient grounds for concluding that the improvements in the steam 
, engine subsequently made, and extending even down to the present time, have 
reached the highest point of the scale. On the contrary, there is strong evidence of 
the existence of a margin in the field of economy, in the working duty of fuel, ample 
enough to occupy the husbandry of many labourers for some time to come, and 
holding out the prospect of a good return. 

The recent inquiries of some scientific men, whose attention has been engaged on 
the subject of the relation between heat and the mechanical effects it produces, have 
VOL. Ill, 2 l 
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resulted in the discovery of the principle, that the action of a gwm amount of heat 
may he represented hy a constant mechanical worh performed; tkxOki, is to say, hy tlie 
elevation of a determinate weight through a determinate height. 

This constant of work for the nnit of heat has been termed 
equivalent of heat ^ and expresses the maximum limit of duty which, on the assiimp* 
tion of the truth of the ahove-named principle, that unit of heat can possibly 
perform. 

It has been shewn that, through whatever medium or carrier the mechanical work 
of heat may be developed or conveyed, whether by means of the vapour of water 
or other liquids, or by means of atmospheric air or other gaseous matter, the same 
amount of work is invariably the result. 

This constant of work is many times greater than the work hitherto obtained from 
the best condensing expansive engines. 

M. Clapeyron, in his treatise on the moving power of heat, and M. Holtzmann of 
Manheim, who availed himself of the labours of M. Clapeyron and M. Carnot in the 
same field, grounding their investigations on the received laws of Boyle or Mariotte, 
and Gay-Lussac, which express the observed relation of heat, tension, and volume in 
steam and other gaseous matter, have by theoretical inquiry arrived at the conclusion 
that — 

The mechanical equivalent of the quantity of heat capable of increasing the 
temperature of Itb. of water by one degree of Fahrenheit's scale is a mechanical 
force capable of raising a weight between the limits of 626 lbs. and 782 tbs. one foot 
high. 

Mr. Joule, of Manchester, proceeding hy entirely different, and independent, and 
in fact purely experimental methods, concludes that the mechanical equivalent of heat 
may be taken at 782 lbs. raised one foot. 

The mode of investigation pursued by the continental philosophers, especially hy 
M. Holtzmann,* may be thus briefly explained. 

They suppose a given w^eight of steam, or gaseous matter, to he contained in 
a vertical cylinder formed of non-conducting material, in which is fitted an air-tight 
hut freely moving piston. This piston is pressed downwards hy a weight equal to 
the pressure or tension of the steam or gas. The weight, initial temperature, 
pressure, and volume «being known, a definite quantity of heat from without is sup- 
posed to be imparted to the vapour. 

The result will be partly an elevation of the temperature of the vapour, and partly 
an increase of volume, or, in other words, a motion of matter, the pressure or tension 
remaining the same. 

But the result may he represented simply and solely hy a motion of the matter 
(dilatation). For this purpose it is only necessary to allow the vapour to dilate 
without any loss of its original or imparted heat until it re-acquires its initial tem- 
perature. 

In this case the final effect is simply dilatation of the vapour under the subsisting 
pressure; and the mechanical work done is represented by the product of that 
pressure into the space through which it has been made to recede. 

Mr. Joule's estimate of the mechanical equivalent of heat is derived from three 
distinct classes of experiments. 

1st. From the calorific effects of magneto-electricity. (Phil. Mag, 1843, vol. 
xxiii. p. 263.) 

This method is to revolve a small compound electro-magnet, immersed in a glass 
vessel containing water, between the poles of a powerful magnet; to measure 

* ♦ Ub«r die Warme und Elasticitat der Gase und Diiir.pfe.’ Von C. Holtzmann. Matilicim, 1815. 
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the electricity thence arising by an accurate galvanometer; to ascertain the calorific 
effect of the coil of the electro-magnet by the change of temperature in the water 
surrounding it. Heat is proved to be by the machine, and its mechanical 

effect is measured by the motion of such weights as by their descent are sufficient to 
Iceep the machine in motion at any assigned velocity. 

2ndly- From the changes of temperature produced by the rarefaction and con- 
densation of air. (Phil. Mag. 1845, vol. xxvi. p. 369.) 

In this case, the mechanical force producing compression being known, tbe beat 
resulting was measured by observing tbe changes of temperature of the water in which 
the condensing apparatus was immersed. 

Srdly. From the heat evolved by the friction of fluids. (Phil. Mag. 1847, vol. 
xxxi. p. 173.) 

A brass paddle-wheel, in a copper can containing the fluid, was made to revolve by 
descending weights. Sperm oil and water as the fluids gave the same results. 

The mechanical equivalent of the nnit of heat was— 

As assigned by the 1st method, 838 lbs. raised 1 foot. 

„ 2nd do. 795 lbs. do. 

„ 3rd do. 782 lbs. do. 

Mr. Joule considers the last method as likely to give a more accurate result than 
either of the two former; and it is remarkable that the equivalent given by the 3rd 
method, viz. 782 lbs., should he identical with the major limit assigned by 
Holtzmann. 

We shall, however, prefer to take the mean adopted by Holtzmann, and to consider 
the mechanical equivalent of the unit of heat as represented by a weight q/“682 lbs. 
lifted one foot high; the unit of heat being the quantity required to raise the tem- 
perature of a pound avoirdupois of water one degree Fahrenheit. 

The Working Duty of Fuel as regards the Production of Steam. 

It has been shewn that the amounts of heat obtainable from carbon and hydrogen 
respectively are such as in the case of the combustion of 

1 tb. of carbon would suffice to evaporate 14*6 tbs. of water from 212®; 
and in that of the combustion of 

1 lb. of hydrogen would suffice to evaporate 62'6 lbs, of water from 212®; 
but that the effect of any heat given out by the combustion of the hydrogen is in 
great measure neutralized by the absorption of heat necessary to volatilize the hydro- 
gen ; and it has been observed that such results are not attainable in practice, in con- 
sequence of the diversion of the heat evolved into other channels than those which 
conduct it directly into the water. To this may be added, that in the common 
instances of so-called combustion, the combustion is only partial, a portion of the, fuel 
being dissipated without undergoing combustion at all. 

Whatever difference may be found practically to exist between the actual and the 
theoretical duty of the fuel consumed under any given boiler, or given system of firing, 
may be assigned to one or other of the above causes ; and in the comparison of dif- 
ferent boilers or modes of firing, the amounts of difference, as expressed by the ratios 
between the actual and theoretical duties, would constitute a scale by which the com- 
mercial value of any particular apparatus or system of firing can be tested. 

In the Cornish boiler a duty equal to 10*29 lbs.* water, evaporated from the tem- 
perature of 212®, has been obtained from 1 tb. of coal. 

In the cylindrical boilers used in the manufacturing district of Manchester, the 
duty does not appear to exceed 7 lbs. water evaporated from 212® by 1 ib. of coal. 


* Report on the Coals suited to the Steam Navy. By Sir H. Be La Beche and Dr. Lyon Playfair. 
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In the locomotive hctilQT it has been found, on the average of an extensive series of 
experiments on the engines of the Liverpool and Manchester KaiHvay, that the duty 
of 1 ib. of Hulton or Worsley coke is equal to the evaporation of 81 ibs. water from 
the temperature of 212 ®, 

In the larger engines of the Great Western Railway nearly the same duty is 
obtained. Mr. Gooch* states that their last-constructed engines (the area or tube 
surface being from ten to eleven times the area of the fire box) evaporate 8 to 9 ^ ibs, 
of water with lib. of coke, according to the rapidity of evaporation; the slowest 
evaporation with a given sized boiler producing the best result. 

The variation in the heating quality of different descriptions of coke from different 
mines is often v 6 ry great. In Lancashire the Hulton and Worsley cokes rank highest. 
Representing the duty of these by 100, it was found by trial that the duty of cokes 
from six other mines was represented by the following numbers : 80^, 80 - 3 =^, 

81^, 89, 90^. In some instances the inferior duty was partly occasioned by the 
tenderness of the coke or inability to withstand the action of the blast ; the large 
pieces breaking up into small ones, and these either falling through the bars or being 
carried ofif by the draft. 

The above general results in the three most important classes of steam engine 
boilers will serve to shew that considerable loss of heat takes place in each case. It 
does not, however, appear likely that the locomotive boiler can be pushed to perform 
a much higher duty, taking into account the mechanical limits imposed in its con- 
struction. But there is no sufficient reason, except in so far as the comparative cost 
of alterations and that of anticipated saving in fuel may influence the owner of the 
boiler in incurring an immediate expense, why the performances of the majority of 
stationary engine boilers should not be materially improved. 

We proceed to consider briefly the circumstances which occasion a diversion of a 
portion of the heat generated, and dissipation of part of the fuel unconsumed. 
Diversion of Heat generated. 

This may be ascribed chiefly to one or other of the following causes ; 

1. Vaporization of the hygrometric waters 

Coal, in the state in which it is obtained from the mine, contains from 1 to 2 per 
cent, of water : when exposed to the atmosphere, and especially to rain, it of course 
imbibes a further quantity, which is greater or less in proportion to the moisture of 
the air and to the size of the particles of coal; the smaller kinds, and especially what 
is termed ‘ slack,^ being more retentive than the round coal. This water must be 
converted into vapour before combustion takes place, and the heat necessary for its 
conversion must be derived from other portions of fuel undergoing combustion, and 
is consequently not communicated to the boiler. 

Coke, being of a much more porous or spongy texture than coal, absorbs frequently 
as much as 7 per cent, of water in its passage from the oven to the place of consump- 
tion in uncovered waggons, A diflerence in the hygrometric state of the atmosphere 
has a marked and rapid effect on the amount of hygrometric moisture in coke. Upon 
accurate weighing it was found that a quantity of coke delivered in rainy weather, 
and afterwards exposed for a few days to a drying wind, was reduced from 388 cwt. 
to 360 cwt. Hence will be seen the advantage of keeping the coke dry until the time 
it is .actually put into the furnace ; for not only is there in damp fuel a less quantity 
of combustible matter than is paid for, unless due allowance be expressly made, 
but there is a positive reduction' of effective power in the combustible portion 
itself, 

♦ *Reportof Commissioners of Kaihvays respecting Bailw^iy Communication between London and 
Birmingham,’ 1848, p, 87. 
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Tims, to talse the mstance cited of coke with 7 per cent of moisture 
lOOfts. of such coke contains 93 fbs. dry fuel, and 7 lbs. water = 100. 

The 93 ibs. dry coke are competent in practice to evaporate 8-| times 
its weight of water . . . . ... . . . . . . , , =:7'901bs. 

But 7 lbs. water contained in the fuel must first be evaporated . . = 7 tbs. 

There remains, therefore, as the effective quantity of water evaporated 
by 100 tbs. of damp fuel . . . • . * , , , . ... 783 tbs. 

Whereas 100 lbs. dry coke evaporate 850 tbs, water. 

This is equal to a diminution of effective duty in the proportion of 850 to 783, or 
about 8 per cent. 

In every contract for the supply of coke it is advisable that the contractor should 
be hound to send it in closed waggons, or waggons covered with water-proof sheets ; 
and the coke d^pOts should he so constructed that the waggons may be unsheeted, 
and the coke weighed out and stocked under cover, 

2. Production of such elevation of the temperature of the air or gases in the 
chimney as may he required to obtain the draft. 

In the fixed engine furnace the necessary draft is maintained by the differential 
pressure, as between a column of heated and rarefied air in the chimney-stalk and a 
column of the colder air without, of equal area and height ; the difference of tempe- 
rature being maintained by the constant accession of heated gaseous matter to the 
contents of the chimney, which are constantly discharging themselves from the top. 
It should be the object to render this loss of heat a minimum. The quantity of heat 
carried off is directly proportional to the quantity of gaseous matter which escapes 
from the flue into the chimney, and to the temperature at which it escapes. The 
quantity is a minimum when, for the combustion of any given weight of fuel, no more 
air has been allowed to pass through the furnace than suffices fully to oxidize the 
elements of the fuel; and the temperature is a minimum when it does not exceed, 
unless by a few degrees, the temperature at which the water is being converted into 
steam of the assigned pressure. When the fire is contained in a box surrounded by 
water to be heated, as in a locomotive engine, the grate-bar frame should be made to 
fit closely to the sides of the box ; othferwise the surface of the plates adjoining will 
' be insulated from the action of the fire by a stream of cold air Tushing upwards 
between the frame and the box,— a frequent source of waste of fuel. 

In the case of the locomotive engine, the draft is obtained mechanically by the 
application of the steam already generated ; and its intensity is liable to considerable 
variation under differences of pressure in the cylinders, and differences of velocity of 
the piston. 

The current of heated air through the tubes may he made to become so rapid as 
' not to afford the necessary time for imparting all the heat which under a milder draft 
would he taken up by the absorbent surfaces, and a quantity of surplus heat is carried 
to waste up the chimney. 

In former years the draft in the loeomotive engine was solely obtained by the 
action of the blast-pipe. The introduction of the * close ash-pan,* that is to say, an 
ash-pan closed below and on all sides except the front, — the front being left open to 
receive a rush of air produced by the velocity of the train, — has had the effect of 
relie\i.ng the blast-pipe from a part of its duty, and of saving steam and fuel to that 
extent. It is, however, to he observed, that the saving is less on lines of undulating 
gradients than on those in which a comiant tension on the fire is needed ; for whilst 
the engine is descending a gradient with steam cut off, it is obviously desirable to 
stop the passage of air through the fire : hut the present form of ash-pan prevents 
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this from being entirely done, and there is a certain waste of fuel on descending gra- 
dients to set against the saving on other parts of the road where artificial power is 
required. The remedy would be to have some ready and simple means of controlling 
the admission of air : if such means were provided, both before and behind the ash- 
pan, the engine would generate steam equally well, whether running backwards or 
forwards. 

3. Conduction through solids composing the furnace and hoiler^ and radiation 

from the same. 

The greater economy of fuel obtained in the Cornish boilers appears in great mea- 
sure to arise from close attention to this point} these boilers and furnaces being, in 
fact, buried in a mass of badly conducting material, such as ashes, brickwork, &;c. 

The locomotive boiler is particularly exposed to loss of heat from this cause, almost 
every part being in rapid motion through and in constant contact with the atmo- 
sphere, a thin layer of imperfectly conducting material only intervening. It is usual 
to clothe the boilers with a layer of felt, then with boards, and over them a thin 
casing of zinc or oil-cloth stretched tightly, painted and varnished to turn off the wet. 
The high temperature of the steam acting through the boiler-plate often converts the 
felt or inner surface of the wooden boards into charcoal, which is a still inferior con- 
ductor. Notwithstanding these precautions, there is some radiation and waste of 
heat. 

In outside-cylinder engines, the cylinders are unavoidably placed in a position cal- 
culated to cool their surfaces, and diminish the pressure of the steam within, in which 
respect they woi'k to some disadvantage as compared with inside-cylinder engines, 
which have their cylinders enclosed in the hot smoke-box. 

4. Dispersion of heated water ly priming and leakage. 

This water, suspended mechanically in the steam, and passing with it by the force 
of the current along the pipes and through the cylinders, without producing any 
dynamical efiFect, abstracts as much heat as was expended in raising its temperature 
from that of the feed-water to the temperature of the issuing steam. The quantity of 
water and consequently of heat thus carried oif is dependent chiefly on the incidental 
circumstances of the purity of the water used, that is to say, its freedom from mud or 
greasy matter, and of the steam room given above the surface of the boiling water. 
The steam room in locomotive boilers being necessarily somewhat more contracted 
than in fixed engine boilers, and the rate of evaporation in respect of the size of the 
boiler being much greater, there is more tendency to loss of heat from this source. 

The best preventive of this loss consists in properly blowing off and cleansing the 
boilers at prescribed intervals, and in attention to the purity of the feed-water sup- 
plied, "With these precautions, the loss in a well-constructed boiler, with properly 
arranged steam dome and steam pipes, becomes very trifling and scarcely appreciable. 

Leakages in boilers are often occasioned by the unequal expansion of parts un- 
equally heated, or of parts formed of different metals whose rate of expansion under 
equal increments of temperature differs; and such leakages are apt especially to occur 
after sudden and great variations of temperature, as in boilers after being blown off. 
Instances are well known in which from such causes a whole set of tubes has sud- 
denly begun to leak. 

Dissipation of unconsumed Fuel. 

In every furnace a certain amount of heat is lost in two ways : first, by an absolute 
loss of unbumt substance of the fuel, which may he termed a mechanical loss, inas- 
much at it proceeds from circumstances connected with the physical condition of the 
coal, or firom imperfection in the mechanical apparatus of the furnace ; and, secondly, 
by the incomplete combustion of the elements into which the fuel has been resolved 
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by beat. The latter has its origin in the want of due regard to the chemical relations 
of the combining elements. 

1. Mechanical dmipation of the fuel. 

Amongst the ashes which fall from the grate-bars of a furnace there is always pre- 
sent a quantity of unconsumed solid fuel. The quantity depends, other things being 
equal, on the practical relation between the total area of air spaces and the width 
between the bars. The area of fire-grate being given, the bars must be arranged so 
as to present the least possible impediment to the passage of air through the fuel, 
whilst, at the same time, they afford effectual support even to the smaller pieces. For 
this reason it is desirable to make the grate-bars as thin as the strength or durability of 
the material (cast or wrought iron) will allow, adding in depth to make up for defi- 
ciency in thickness. The spaces between the bars are adapted to the nature of the 
fuel. In the case of small coal and slack the spaces must he more contracted than 
where rounder coal or coke is emjiloyed. Experience soon shews what is the best 
proportion. 

For the best qualities of coke, in the locomotive furnace, the following proportions 
have been found, on the Liverpool and Manchester Railway, to work with the best 
effect:' 


Thickness of bars . , . . . . . . . ^ 

Width of air spaces . . . . , , . . , 1 do. 

With these dimensions, the proportion home by the entire area of air spaces to that 
of grate surface is as 67 : 100. 

The thinner the bars, the more will the proportion be increased. Probably a bar 
less than I an inch thick could not he made durable.* About f inch is a common 
thickness for locomotive furnaces. With such bars, and 1-inch spaces between, the 
proportion of air space to total area of grate surface is as 57 to 100, shewing a reduc- 
tion of 10 per cent, of air space as between l-inch and f -inch bars. 

Hence the rate of evaporation is diminished, or, if the air spaces he widened to 
compensate for the extra thickness of the bars, an attendant loss of fuel is 
incurred. 

By proper management, this inconvenience and loss may in great measure be pre- 
vented. For this purpose it is only necessary to adapt the quality of the coke, with 
respect to its dimensions, to the particular duty it has to perform. Engines running 
with express or other quick passenger trains, and making few stoppages, require a 
maximum rate of evaporation which can he attained by feeding only with large round 
coke, thus allowing the air free access to the interior of the burning mass. The rule 
formerly practised on the Liverpool and Manchester line was to sort the coke from 
the waggons into three qualities by the rake. The first quality, or large round coke, 
was delivered to the passenger engines; the second quality, of an inferior size of 
round coke, to the luggage engines ; and the third, of still less dimensions, to ballast 
engines. Thus the two latter classes of engines performed their work as efficiently as 
before, and the passenger engines obtained the benefit of the increase of speed which 
the first quality of coke afiforded by increasing the rate of evaporation. The entire 
coke purchased was thus made to render effective service ; for previously there had 
been much w'aste occasioned by the fire-men sorting it for themselves on the journey, 
and throwing out onto the road what they considered refuse. 

Coke is frequently wasted from want of attention to the fixing of the fire-bars ; for 
unless these are closely wedged or jammed into the frame which supports them, the 





* With ^-inch bars and 1-inch spaces, the destruction of fire-bars on the Liverpool and Man- 
chester Eiwlway, on a mileage of 320,000 miles, during the period extending from January 1st to 
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rapW motion of the engine will cause an incessant friction upon the surface of the 
fuel at the bottom of the fire, and work a portion of it down into the ash-pan. 

The power of fuel to resist mechanical dispersion in the furnace depends on its 
physical character. 

Some kinds of coal contain water in a state of chemical combination, and are apt 
to split and fly to pieces when heat is applied. The anthracite coals of South Wales 
'are peculiarly subject to this evil. In furnaces of the ordinary construction, and 
especially in locomotive boilers, it is difficult to use them, as they are apt to break 
down into powder under the influence of a strong heat suddenly applied. Other 
kinds, after long exposure to air and weather, appear to undergo a kind of incipient 
decomposition, which renders them tender and friable. Goke is rendered compact by 
tbe process of coking being long continued, producing thereby a sort of fusion 
between tbe particles. It is, of course, tbe manufactureris interest to employ and 
replenish his ovens as quickly as possible, and it may therefore happen that the con- 
sumers are sometimes sufferers. To withstand the blast of a locomotive furnace, the 
coking process should he fully completed. Imperfectly coked coal is carried off like 
chaff through the tubes and up the chimney. 

2. Incomplete combustion of the elements of the fuel* 

Owing to ah insufficient supply of air, the Volatile products of coal frequently pass 
off unconsumed, or only partially so. The visible result is the formation of a cloud 
of smoke from what, before its admixture with air, was an almost invisible gas. This 
gas, or, at the least, the inflammable part of it, is a compound of carbon and hydro- 
gen united in one or more definite proportions. If oxygen be presented to the gas at 
a time when its temperature is high enough for the forces of affinity to have full play, 
hut in quantity insufloicient to saturate the whole of the carbon and hydrogen, the 
hydrogen unites with the oxygen before the carbon is taken up, and the carbon is 
deposited, or rather separated, in the form of smoke. ’ 

It would he out of place here to refer to the subject of the prevention of smoke in 
furnaces,' further than to state that a judicious application of the principle of a direct 
and well-regulated admixture of air with the heated gases, as they are distilled off 
from the fuel, appears not only to diminish very largely the quantity of smoke evolved 
from the furnace chimney, but also to effect some saving in fuel. According to Mr. 
HouldswortVs experiments, reported by Mr. Fairbairn in the ‘ Beport of the British 
Association^ (1844, page 109), an advantage of 12|- per cent, was obtained on the 
average by the repeated admission of air through apertures behind the bridge. In 
some cases even a higher duty is said to have been observed. 

The reason w;hy the additional heat generated in the full combustion of the gase- 
ous products falls short of the estimates held out by the advocates of different 
systems of smoke prevention, appears to be that the heat employed in volatilizing the 
gaseous products is nearly as great as the heat evolved in the subsequent combina- 
tion of those products with oxygen. 

A sufficient supply of oxygen is as important in the combustion of solid carbon as 
it is in that of tbe volatile parts of the coal; for it is well known that carbon unites 
with oxygen in two proportions, forming respectively carbonic oxide and carbonic 
acid gas. 

Carbonic oxide contains . .... 6*12 carbon + 8 oxygen ~ 14*12. 

Carbonic acid contains 6*12 ditto +16 ditto 22*12. 

To develope the full heat of which cai’bon is capable, it must receive the double dose 
of oxygen, and be converted into carbonic acid. 

• ■ The fact 'of the generation and escape of large quantities of carbonic oxide from 
coke fires, e^pecMly where the mass of burning fuel is thick, is abundantly proved by 
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experience. If the tire door of the furnace of a locomotive boiler in full action 
be opened, a lambent blue flame is at once seen to surround the opening and play 
over the surface of the fuel, occasioned by the combustion of the carbonic oxide 
when the fresh air is presented to it. In like manner, a blue flame may occasionally 
be seen burning at the top of the chimney, the point where, supposing the furnace 
door to be shut, the heated carbonic oxide first meets a supply of oxygen. If the 
smoke-box be not quite air-tight, the outer plates have been known to become red- 
hot by the combustion going on witbin. 

It may be useful to consider wbat loss of heat may arise as between the conversion 
of carbon into carhonic acid and of carbon into carbonic oxide. There are no direct 
means of ascertaining the loss or difference, inasmuch as no direct experiment can be 
made on the conversion of carbon into carbonic oxide alone. We may, however, 
arrive at a conclusion indirectly in the following way : 

According to experiment, cited in the Table (page 507), 1 gramme carhonic oxide, 
in its conversion into carhonic acid, yields 2431 units of heat. 

Consequently, 14’12 grammes of carbonic oxide will yield (2431 x 14T2) — 34325. 

But 14T2 grammes carbonic oxide contain 6T2 grammes of carbon. 

Therefore the 6*12 grammes of carbon, during the process of conversion from the 
state of carhonic oxide to that of carbonic acid, yield 34,325 units, equivalent to 
1 gramme carbon, in its conversion from carhonic oxide to carbonic acid, yielding 
5608 units of heat. 

But according to experiment (see page 507), I gramme carbon, in its conversion 
from carbon into carbonic acid, yields 7900. 

The difference between the two last, numbers indicates the heat developed by 
1 gramme carbon, in its conversion fi'om carbon to carbonic oxide, = 2292. 

If this reasoning be correct, fg^§ths, or, in round numbers, 70 per cent., of the 
heat which would he generated in the conversion of carbon to carbonic acid, is lost 
in the case of the conversion of the same weight of carbon into carbonic oxide only. 

Every pound of carbon which escapes through the chimney in the form of carbonic 
oxide carries off, therefore, as much fuel as would suffice to evaporate 10 ibs. of water 
from the temperature of 212^ . . 

In the locomotive boiler, the remedy has been partially applied of perforating the 
fire door with a number of small holes, and allowing the air to enter through them 
direct on to the top of the burning coke, from the surface of which the carhonic 
oxide is rising. 

The various sources of waste hitherto detailed, however insignificant they may 
appear if considered singly, become, when combined together, of serious moment. 
This was fully evidenced in the saving of full 100 tons of coke per week, effected 
in the Liverpool and Manchester engines, in the autumn of 1839, in the following 
/manner. "■ 

In the autumn of 1838 an account had been opened, against each engine, of the 
coke delivered, and weekly returns were made up of the general consumption. This 
■ served, to a certain extent, as a check, hut the result was not so satisfactory as could 
have been desired. The returns might or might not give accurately the week’s con- 
' sumption. The coke was put loose in the tender, subjected to all the breakage to 
which its imsition rendered it liable, and being so placed, no account was taken of 
the stock remaining at the end of the week. 

This might have been greater or less than the stock remaining at the end of the 
previous week. Hence an error in the week’s consumption. Taking a longer period, 
of course the errors were neutralized, and a correct average obtained ; but this was 
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not sufficient. It was necessary to know not merely a month's consumption, nor a 
week's, hut every day’s consumption. Nay, it was found important that the drivers 
should know from hour to hour what they were using. Accordingly the system was 
changed. The coke, instead of being placed loose in the tenders, was put on in bags, 
each containing a certain weight, and every night, after the engines had finished 
work, the remaining ones were counted, and as many fresh ones put on as sufficed to 
make up a given complement. The driver was not permitted to empty his sacks 
before he actually wanted to feed his fire, and therefore no waste or breakage could 
take place. At the same time orders were given to let the fires burn low as the end 
of the journey was approached, for the purpose of diminishing waste during the 
intervals of rest. 

A table of every week's performance was posted up for the inspection of the men, 
wherein the engines occupied a higher place in proportion as their consumption was 
lighter. 

These arrangements were carried into effect in October, 1839, and immediately 
roused an honourable and eager spirit of competition amongst the men. 

The records of that period shew a marked effect. During the four weeks preceding 
the I9th October, the coke deliveries amounted to 826 tons 9 cwt. ; during the four 
weeks succeeding that day, to only 717 tons 17 cwt., the work done being almost 
precisely the same. 

Weekending Tons. cwt. qrs. 

28 September, 1839. 232 trips of 30 miles + 34 | days' work 207 4 2 


5 October, 

n 

234 

do. 

do. 

+ 34^ 

do. 

203 

11 

1 

12 

do. 

»> 

233 

do. 

do. 

+ 35i 

do. 

211 

2 

1 

19 

do. 

it 

236 

do. 

do. 

+ 30f 

do. 

204 

11 

0 




iis 

do. 

do. 

+ iF4| 

do. 


9 

0 

26 October, 

1839. 

233 trips of 30 miles + 35 

days' work 

181 

8 

1 

2 Nov. 

ri 

233 

do. 

do. 

+ ui 

do. 

182 

3 

1 

9 

do. 

tt 

230 

do. 

do. 

+ 34i 

do. 

174 

14 

1 

16 

do. 

ft 

240 

do. 

do. 

4*35^ 

do. 

179 

11 

2 




m 

do. 

do. 

+ 139 

do. 

iif 

17 

1 


By further practice, and by attending closely to those little defects of which the 
existence was sure to be indicated by an inspection of the tables, and before any 
extensive improvements were made in the valves, the quantity was still further 
reduced, and in f ebruary of the following year did not exceed 670 tons. 

The Wording Duty of Steam, 

The heat necessary to convert a given weight of water of a given temperature into 
steam has been ascertained to be a constant quantity, independent of the particular 
pressure and temperature of the steam generated, so that in respect of the duty of 
fuel it is a matter of indifference whether evaporation is carried on under a high or a 
low pressure. 

A portion of the heat applied to the water is expended in elevating its temperature 
up to the point at which its conversion into steam of the assigned pressure com- 
mences, and the remaining portion is devoted to the conversion of the liquid into 
vapour, and is essential, to its constitution as such. 

This heat of conversion (latent heat) diminishes as the pressure and corresponding 
temperature of the steam increase. 



For instance: 

lbs. of water. 


1 ft. of water heated from 32° to 212° F. requires as much heat 
as would elevate through 1° F. . . . • . * . 180 

1 ft. of water at 212° F. converted into steam at 212° ( ~ 14*7 fts. 
per square inch) requires as much heat for its conversion as would 
elevate through 1° F. . . • . . • » . 972 


Total . . . . . . , , . 1152 

Again:,,,":' 

1ft. of water heated from 32° to 329° F. requires as much heat as 


would elevate through 1° F. ... . . . . 297 

1 ft. of water at 329° F. converted into steam at 329° ( ~ 100 fts. 
per square inch) requires as much heat for its conversion as would 
elevate through 1° F. . . ..... . 855 

Total . . . . . . . . . 1152 


The number 1152 is, then, a constant which may be taken to express the units of 
heat containing 1 ft. of steam, reckoning from 32° F., the freezing point of water, up 
to the temperature at which the conversion into steam takes place. 

The or maximum theoretical duty of this amount of heat, as 

contained m l ft. of steam/i^ 

682 fts. X 1152 units of heat = 785664 fts. raised ! foot high; 

682 fts. through 1 foot being, as before shewn, the mechanical equivalent of the unit 
of heat. : ■ 

The amount of duty realized in the production and use of 1 ft. of steam falls, 
however, far short of this theoretical maximum. 

In the earliest stages of the process, those which precede the moment when the 
water finally assumes the gaseous form, the forces to be encountered before the 
cohesion of the molecules of the liquid can be overcome absorb and neutralize a large 
proportion of the effect of the imparted heat. 

In fact, the ^ heat of conversion! is partly occupied in producing the change 
of state from liquid to gas, an effect which is unattended by any sensible manifesta- 
tion of power, and for the remainder consists in producing a pressure or force equal 
to the tension of the steam on a given area of surface moving through a space which 
depends on the relative volumes of the water and the steam. 

Thus it is obvious that in the most perfect steam engine, acting as it does on the 
principle of alternate vaporization and condensation, a very considerable amount of 
the mechanical equivalent of heat is for all practical purposes annihilated; and this 
reflection may lead to the question whether there may not be discovered some means 
of reclaiming the lost heat of conversion, and thereby greatly economizing fuel, 
by the employment of water purely in its gaseous form, subjecting it to such 
alternations of temperature, short of reducing it to the liquid state, as may render 
it the means of transforming all the heat it receives into a manifested and available 
equivalent of force. 

Owing to the circumstance of the heat of conversion becoming relatively less and 
less as the pressure increases, the loss or absorption of force is less, the higher the 
pressure at which the steam is produced. 

Making the allowance for this loss, the theoretical work producible from 1 ft. of 
steam is in each of the cases here cited as follows : 
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fts. avoirrl, raised 
■ 1 ft. high by lit), 
of steam. 
Theoretical duty, 

1st. Low-pressure engine, working inexpansiyely, and condensing 
its steam at 112° F. (=1*3 ft. per square incli) ; tlie steam 
formed at 228° F. (= 20 fts. per square inch) , . . . 53,150 

2nd. High-pressure engine, working expansively; steam formed 
and admitted into cylinder at 284°‘F. (= 51-| fts. per square 
inch-, or 3^ atmospheres), expanding to 104? F. and condensed at 
104° F. ( = 1ft, per square inch) . . . 214,734 

In the first case can only -^th part of the absolute maximum of theoretical duty 
of the heat imparted to the , steam be obtained ; in the latter case, about f-ths. 

Of this reduced theoretical duty let us see how much has been actually obtained in 
practice. 

1«# case.T'Mr, Josiah Parkes, in his .Paper on ^team Engines, records the duty of 
two condensing inexpansive low-pressure steam engines, viz. an engine at Warwick, 
with 254nch cylinder^ and 5-feef 6-inch stroke, and the engine of the Albion Mills, 
London, with 344nch cylinder and 8-feet stroke. 

The first engine raised • . . . 28,285 fts. 1 foot high. 

The second engine raised . . . . 28,489fts. ft 

Mean . . . . • . 28,387 fts. raised 1 foot high by 

1 ft. of steam. 

This duty is only 53 per cent., or little more than one-half the assigned theoretical 
duty. 

2nd -The Fowey Consols engine, with 80-inch cylinder, 10-feet 4-inch stroke, 
cutting olf at i stroke, working at a pressure of 40 fts. per square inch above the 
atmosphere, has raised 

126,359 fts. 1 foot high by 1 ft. of steam.* 

This duty amounts to at least 58 per cent, of the assigned theoretical duty. (In 
the case supposed, the steam would be cut off rather earlier.) 

The loss of duty in respect of the steam generated in the boiler may be referred to 
four general heads, viz. 

I . Loss as arising from steam which escapes, either vdthout passing through the 
cylinders, or if passed through the cylinder, without exerting pressure upon 
the piston. 

II . Loss as arising from resistances against the piston, produced by imperfect 
action of the valves. 

III. An apparent loss incidental to the non-condensing engine, as arising from 
the resistance to the piston afforded by the pressure of the atmosphere. 

IV. Loss as arising from imperfect condensation. 

I. Loss from Escapes of Steam, 

Owing to defects of mechanical construction, or to the gradual wear and abrasion 
of surfaces intended to work upon each other steam-tight, a waste of steam often 
takes place. This can’ only he remedied by repairs ; but there is another feiille 
source of waste, which is in great measure under the immediate control of the engine- 
driver,— -the loss of steam blown off throngh the safety valves when the engine is 
either standing or working. To give an idea of the loss that may he sustained in 
this way, the following experiments, made on the Liverpool and Manchester Kailway 
in August, 1839, may be cited. 

.* The average duty of all the Cornish engines scarcely exceeds one-half this. 
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Tour engines in good working order, viz. the ‘Rapid’ and. * Leopard’ passenger 
engines, and the ‘ Lion’ and ‘ Mammoth’ luggage engines, were selected ; and during 
a day’s work of each, as engaged in the ordinary traffic of the line, all particulars of 
their service were noted down ; the time in motion,— the time at rest under steam, — • 
the times of lighting and extinguish- ^ ^ ^ ^ ^ ^ ^ 


ing the fires, — the coke delivered 
throughout the day, — the waste coke 
thrown aside as useless,- — the ashes 
taken out at night. 

The results of these experiments 
are condensed into the annexed Table, 
the consumption of fuel being reduced 
to a mdeage rate. 

By this account it is seen, that 
under circumstances in which more 
than ordinary care was taken in the 
working of the engines, the waste of 
coke going on whilst the engines 
were at rest averaged about 80 tbs. 
per hour; or, calculated upon the 
mileage, about 7 ft s. per mile, being 
an increase of more than one-sixth 
on the net consumption whilst in 
motion. 

The trial led to a few simple regu- 
lations, which resulted in effecting 
the saving of nearly the entire 
quantity of fuel consumed whilst the 
engines were standing. These were 
as follow J as the engine approached 
the end of its journey, the fire in the 
fire-box and the water in the boiler 
were allowed to run low. Before 
reaching the station, the feed-pumps 
were put on and the boiler filled up 
with water from the tender, the 
water being of course comparatively 
cold : after the fire-man had cleaned 
his bars and picked the tubes, the 
fire-place was filled up with cold 
coke : a damper was placed over the 
mouth of the chimney, and the 
engine remained in this condition 
until the time of starting on its next 
journey. By this time the coke had 
become ignited throughout; the water 
had been raised to the boiling point, 
and if any steam had been generated, 
it was turned into the tender tank, 
to warm the feed water. Thus the 
heat produced during the interval of 
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rest was turned to Ml account, and made to tell directly upon the work of the 
succeeding journey. 

II. Loss from L.esistances against the Piston^ producsd ly imperfect Action of the 

Valves, 

This is a branch of the subject deserving especial consideration. Its importance, 
as referring to the economical working of steam engines, may be profitably illustrabd 
by a brief historical account of the consecutive alterations and improvements in the 
valve arrangements and mechanism of the locomotive engines of the Liverpool and 
Manchester Kailway, and of the results produced in the saving of fuel. 

It may be premised that the same principles have their application not only to the 
engines of other railways, making due allowances for difiference in the gradients and 
ditference in the loads and dimensions of engines, and difference of speed, but also to 
fixed engines in general. In fact, they have been applied to the fixed engines of the 
Liverpool and Manchester with parallel advantageous results, 

The history of the Liverpool and Manchester locomotive engines may, for the sake 
of convenient classification, be divided into two periods: the first a period of increasing, 
the second a period of decreasing consumption, as respects the article of fuel. Brief 
allusion may be made to the events of both periods, and a reference to the causes 
which retarded, as well as to those which accelerated, improvement. 

During the first few years after the opening of the railway, the class of improve- 
ments comprising the gradual enlargement of dimensions as necessary for maintaining 
higher rates of speed, and the transport of heavy loads,— -the better disposition and 
proportionment of the component parts, and selection of suitable materials capable of 
resisting heavy strains, and various other causes of derangement and decay, demanded, 
in consequence of their direct influence upon the trafiftc of the Company, unremitting 
attention. The necessity of securing regularity in the transport of trains, whether of 
passengers or goods, was pressing and paramount, and afforded sufiicient materials for 
thought and experiment. It is therefore a source of less surprise than regret that 
little progress should have been made in diminishing the consumption of fuel. Trials 
of the consumption of different engines of similar size and power were made from 
time to time ; and these agreeing pretty closely together, served to lull suspicion of 
unnecessary waste of fuel. As the engines increased in dimensions, the consumption 
of fuel increased also, which was considered a natural and inevitable consequence of 
the exertion of increased power. 

The adoption, in 1836, for the passenger traffic, of what were termed short-stroked 
engines, was attended with the establishment of a quicker rate of travelling than had 
before been known on the line, but unfortunately also with an extravagant increase 
in consumption of coke. This was erroneously referred to the mechanical disadvantage 
of the short stroke, an explanation which for a time was deemed satisfactory. Atten- 
tion was directed to schemes of smoke-burning, by which the use of coal, as a much 
cheaper fuel than coke, might be rendered possible. In 1836, the * Liver' was fitted 
up for burning coal, but proved a failure ; and subsequently one or two engines were 
tried with about equal success. Hitherto all the engines had been furnished with the 
slide valve ordinarily used in high-pressure engines, the mode of operation of which 
is well known to every practical mechanic. It will be remembered, that the opera- 
tions of admitting the fresh steam and releasing the waste steam are alternately per- 
formed by the same valve and by the same motion. The valve being made to slide 
backwards and forwards upon the face of the ports, opens and closes the several 
passages in their turn. The two extreme ones, termed steam ports, communicate 
with either end of the cylinder. The middle one is termed the exhausting port, and 
its corresponding passage terminates in a pipe open to the atmosphere and carried 
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into the chimney. Steam is admitted freely into the steam chest from the boiler. 
The valve is made of sufficient length to cover, when placed in the centre of the 
stroke, all the ports. In this position no steam can enter the cylinder ; but as the 
valve moves on, one of the ports opens, and the arrangement of the valve gearing is 
such, that when the piston is ready to begin its stroke, the steam port begins to open. 
During the forward progress of the piston, the valve not only travels to the end of 
the stroke, hut returns to the point from whence it set out. Its continued motion in 
the same direction finally closes the valve, and prevents any further admission of 
steam. The steam has now done its work, and must he removed. In the middle of 
the valve a hollow chamber is formed, of sufficient length to span between the ports. 
As soon as the edge of this chamber passes the edge of the steam port, the pent-up 
steam finds vent, and rushing through the chamber into the exhausting passage, 
escapes into the chimney. 

III. Loss from Resistance of Atmosphere against the Piston, 

This is a loss incidental to all forms of the non-condensing engine ; hut its amount 
varies relatively to the useful effect produced, according to circumstances over which 
the engineer has in some measure a control, and it rests with him so to proportion 
• the dimensions of the cylinder, and the speed of the piston to the resistance required 
to he overcome, as to render the loss the least possible. 

After the exhausting passage has been fully opened, and before the piston begins 
its stroke anew, the cylinder, being now open to the atmosphere, is filled with steam 
equal, at least, to the pressure of the atmosphere j which pressure therefore has now 
to he driven before the i)iston. The quantity of steam expended in neutralizing the 
pressure of the atmosphere for one stroke of the piston is a volume equal to the con- 
tents of the cylinder at a density corresponding with the pressure of 14*7 lbs. per 
square inch, and the volume of water necessary for producing it is equal to 
part of the volume of such steam. 

The evaporating power of any given boiler being limited, it is easy to see that the 
area of the piston and the velocity of its motion must hear a direct reference to the 
rate of evaporation; for otherwise a result ranging between the two following extreme 
cases may occur : either the volume measured out by the pistons in a ^ven time may 
be smaller than the boiler is competent to fill with steam of the requisite density, — in 
wliich case the pressure in the boiler will increase, and the excess of steam will escape 
through the safety valves, — or the volume measured out by the pistons in a given 
time may be so great as to reduce the pressure until it scarcely exceeds that of the 
atmosphere ; in which case the force of the steam generated is nearly wholly absorbed 
in overcoming the atmospheric pressure on the pistons. 

In fixed engines, w*orking as they generally do under nearly constant loads at 
nearly uniform velocities, the relation between useful effect obtained and the work 
expended in neutralizing the pressure of the atmosphere seldom varies, at least not 
sufficiently so to attract attention ; but in locomotive engines the tendencies towards 
the above-mentioned extremes are more strongly marked, in consequence of the great 
variation in load and speed to which they are constantly subject. 

In any non-condensing engine, we may conceive the duty of the water evaporated, 
and therefore of the fuel which produces the evaporation, taken irrespective of waste, 
as divided into two parts ; one of which is constant for equal spaces traversed by the 
piston or by the engine, the other variable and dependent upon the load. 

If we take as an example the Liverpool and Manchester passenger engine of 1840 
to 1845, with 12-inch cylinders, 18-inch stroke, and 5-feet wheels, and take one mile 
as the unit of distance traversed, we find the volume of steam expelled to be 
33G revolutions x 4 cylinders full x 1*162 cube feet 1502 cube feet per mile. 
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■With the ordinary loads of say seven or eight coaches, about 15 tbs, of coke are 
eonsnmed, and (15 x 7'|) 112 fts. of water. 11 2 tbs. of water converted into 1562 
cube feet of steam has its volume increased 869 times, which answers to a pressure 
of 30*5 tbs. per square inch as the average total force applied to the piston. Of this 
, total force 14' 7 lbs. are expended in neutralizing atmospheric pressure, and the 
remainder only to overcoming the external resistances of the engine and train. Here 
loss from pressure of the atmosphere is as great as the useful effect. 

Apply the same engine to the conveyance of a heavier load, say a luggage train of 
100 tons : the consumption of water now becomes 150 lbs. per mile instead of 
112ibs. as before, with the lighter load; but the steam used in overcoming atmo- 
spheric pressure is the same. 

The relation between the total work of the steam and the useful effect has there- 
fore changed from the ratio of 

100 : 50 in the 1st case, to that of 
100 : 62 in the 2nd case. 

Suppose the area of the cylinders of the same engine reduced to their original 
size, all other parts remaining the same, hut the working pressure increased to make 
up for the reduction of area ; then the loads being as before, the relation of total 
w^ork to nseful work will he as the ratios 

100 : 74 in the 1st case, 

100 : 80 in the 2nd case, 

which is equivalent to a gain of about 20 per cent. ; or if we suppose the area of the 
cylinders to he doubled, the ratios would become as 
100 : 0 in the 1st case, 

indicating that no useful effect is obtained, and that the whole of the steam is applied 
to the neutralizing atmospheric pressure, and as 
100 ; 24 in the 2nd case. 

The practical considerations which limit and determine the proper proportions of 
the cylinder and wheels are chiefly these: — 1st, The most convenient maximum 
working pressure, having due regard to safety;— 2nd, The maximum resistance to 
be encountered by the engine, say at starting or at any stage of its journey ; 3rd, The 
surplus power in excess of maximum resistance, as necessary for obtaining a suffi- 
ciently rapid acceleration of speed after starting a train. 

The evaporating power of the boiler must necessarily be a function of the speed to 
be maintained under the conditions of the average resistance. 

In engines of different proportions, the * constant - consumption of water and 
fuel will vary directly as the square of the diameter of the cylinder, directly as the 
length of stroke, and inversely as the diameter of the driving wheels: in other 
w'ords, it will he proportional to the volumes of steam measured off by the cylinders 
in traversing the same unit of distance. 

Computing the Vconstant ^ consumption for three sizes of engine, viz. 

No. 1* The Liverpool and Manchester"] 

passenger engine, above re- 1 12'' cylinder, 18" stroke, 5-ft. wheels, 
ferred to, ..... .J 
No. 2. The larger and standard size"! 

h' 20- «. .h* 

ham, and Manchester, . .J 
No. 3. The Great 'Western Railway! 

passenger engine, ‘ Great 1 18" cylinder, 24" stroke, 8-ft. wheels, 
Britain,^ ..... .J 


we have 
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No. 1 consuming 57*26 fts. of water per mile, and 7*63 fts. of coke per mile, 

No. 2 „ 82*83 „ „ 11*04 „ 

No. 3 „ 107*36 „ „ 14*31 „ 

(allowing 7i fts.'** water to 1ft. coke,) before any effective work can be obtained from 
tbe'^'steam. " ' ' 

It would be impossible to prescribe any general solution of the problem of the 
proportions of the cylinders and driving wheels of engines, seeing that very various 
and complicated considerations are involved, referring to conditions imposed by the 
nature and amount of the traffic; as, for exam^de, the extent to Which it must be 
subdivided into individual trains,^ — the speed at which it has to be conveyed,— the 
gradients of the railway. Nevertheless it may be borne in mind that the greater the 
pressure at which the steam is made to act in the cylinders, and the smaller the 
volume of steam emitted on the journey, the greater will be the saving in fuel. 

Generally speaking, the pressure of steam in the cylinder is much below the 
pressure in the boiler when the engine is travelling at a high speed. 

On starting a train, or for enabling it to surmount an occasional steep inclination, 
it is most desirable to have large cylinders, to gain the requisite amount of power ; 
but when the speed has been attained, or the incline surmounted, the force is 
reduced, the steam becomes attenuated in the cylinders, and the large cylinders are 
the direct occasion of waste of fuel, and in fact prevent the attainment of as high a 
velocity as would result under the same circumstances, were the cylinders smaller. 

The contrivance of some easy method of varying the power of an engine whilst in 
motion is still a desideratum. 

In one way indeed this is already in many instances done by cutting off the steam 
at different points of the stroke, and working expansively; but considering the com- 
paratively low average pressure which the steam assumes in the cylinder at high 
speeds, and that it cannot be allowed to expand holmn the pressure of the atmo- 
sphere, — also that the last atmosphere remaining in the cylinder has not taken any 
part in the ^effective ’ duty of the engine, but is, so to speak, thrown away, whether 
the engine Is worked expansively or not,— it seems very doubtful in theory, and the 
results of practice would seem to confirm this view, whether any real advantage is 
gained by the so-called expansive working. 

Some simple and inexpensive means of effecting a condensation of the Iasi remain- 
ing atmosphere of steam, reserving the excess above one atmosphere for producing 
the blast, combined with the means of working expansively, would effect all that is 
desired, and at the same time permit a reduction in the size and weight of the boiler 
and engine. 

XV. Loss as arising from imperfect Condensation^ and from Heat carried off by, and 
not recovered from, the condensing Water » . 

In the condensing engine, the heat abstracted from the steam is imparted to the 
injection water, and to the water surrounding the condenser, and the temperature of 
the condensing water is elevated. The resistance to the piston, per unit of surface, 
after condensation has taken place, is equal to the tension of saturated steam, as 
answering to the final temperature of the injection water. 

At a temperature 60® F. the force of vapour is 0*26 ft. per square inch. 



80° F. 

»» 

n 

0*50 ft. 

If 


100° F. 

' ' If 

n 

0-93 fb. 

» 

?> 

120® F. 

n 

. JT" 

1*65 ft. 



140® F. 



2*88 ft. 


* i. e. lbs. of water evaporated from s.ay bvP F. 


2 M 
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In condensing a given weight of steam, the greater the quantity and the lower 
the temperature of the injection water used, the less will be the tension of vapour, 
and consequent counter-pressure. 

In practice, a final temperature of 120° F. in the injection water = 1*65 lb. pressure 
per square inch, may be considered an average result. Suppose the initial tempera- 
ture to be 52°, the quantity of injection water admitted must be at least 16 times 
the weight of steam condensed; for 

Units of heat. 


In 1 lb. of steam there exists, as measured above the freezing point 
(32° F.),. . . . . . . . . . . . . . .... . 1152 

From this deduct 120° — 32 ... , . . . . . . . . . 88 

The difference in the number of units of heat abstracted from the 
steam to reduce it to water and vapour at the final temperature of 
120°F. = . . . . . . . . . . ... . . . . . 1064 


To every pound of the cold injection water (120° — 52° — ) 68 units of heat are 
added; consequently 1064 68 == 15*6 ibs., the weight of water required to con- 

dense 1 ib. of steam, about J^th part of the heat imparted to the injection water, when 
pumped out of the condenser, is restored to the service of the engine : the remaining 
•^fths go to waste. 

It has been ingeniously proposed in a recent patent, that of Mr. Siemens, to obvi- 
ate much of this loss by employing a peculiar form of condenser and arrangement of 
the valves, by which the steam issuing from the cylinder shall be presented in succes- 
sive portions to a range of compartments in the condenser, in such order that the 
hottest steam comes in contact with the hottest condensing water; the next portion 
in contact vvith cooler w^ater, and so on, until the last expansion is condensed with 
water of the temperature at which it can be obtained ; a series of operations which, 
although strictly consecutive, may be conceived as being practically simultaneous. 
The injection water entering the condenser at a temperature of 52° would issue from 
it at the boiling point, and be pumped from thence into the boiler at a temperature 
92° higher than it attains in the usual manner, effecting a corresponding saving of 
fuel, besides accomplishing a more perfect condensation. With the aid of such an 
apparatus, it has been also suggested to render the present non-condensing engine 
partially condensing by the use of a very limited supply of condensing water, allow- 
ing part of the steam to escape in the usual way through the eduction or blast 
pipe, and to condense only the remaining volume of steam as at, or below, the 
atmospheric pressure. 

The injection water entering at 52° and issuing at 212°, would carry off from the 
steam 160 units of beat. Those portions of the steam which condense at 52°, or at 
othertemperatures i§efo 2 i> 212°, act the part of condeming water m the successive com- 
partments of the condenser, until finally the condensed steam issues from the last 
compartment at 212°. Consequently the condensed steam merely gives up its latent 
heat, 9 72 units (1152°— 180°), and the proportion of condensing water to steam would 
be as 972 ; 160, or as about 6:1. 

Reverting, for the sake of illustrating the general case of a non-condensing engine, 
to the case of the locomotive with 12-inch cylinder, 18-inch stroke, and 5-ft. wheels, 
we have seen that the weight of steam passing through the cylinders per mile for 
neutralizing atmospheric pressure was 57*26 ibs. To condense this (57*26 x 6=344 
lbs. or) 35 gallons of water per mile would be required. Supposing the engine to he 
■working with a load equivalent to a total pressure of four atmospheres on the pistons, 
the water evaporated to supply steam of that pressure would be, exclusive of -vs'aste, 
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I (1562 cubic feet of steam divided by 474, the relative volume of steam at tliat pres- 

sure to its producing water, = 3*3 cube feet, or) about 20 gallons per mile. The 
boiler would be supplied with 20 gallons per mile (plus whatever might supply waste) 
from the water at boiling point derived from the condenser, and the remaining 
15 gallons (or less) of heated water would go to waste. If such an additional supply 
I of water could be maintained without inconvenience, the advantages resulting would 

■ 'be— ■" ■ ■■ 

■ 1st, An increase of effective power in the engine in the ratio of 3 atmospheres 

I to 4 atmospheres, for the mme quantity of water evaporated or fuel used, irre- 

1 spective of any benefit from expansive working. 

2ndly, The opportunity of working the steam expansively to a greater extent 
I than has hitherto been practicable. 

I 3rdly, That the boiler is fed with hot wmter. 

SECTION II. — PRACTICAL OBSERVATIONS ON RESISTANCES TO RAILWAY 

TRAINS.^ 

Resistances m the Narrow Gauge, 

I Table VII. is taken from Mr. Wyndham Harding’s Paper ^ on the Eesistances to 

I Railway Trains at different Velocities .’— ( Vide article ‘ Railway,’ pp. 214, 215.) This 

Table contains very full explanatoiy data to each experiment, which are not necessary 
for general information ; but those who are desirous of fully investigating the subject 
for themselves should refer to the original Paper for full details of the siimmaiy given 
; in the present Table. 

The formula based on these experiments, furnished by Mr. Scott Russell, wus 
j adopted by Mr. Harding, “ simply as an empirical formula, in order to see how far it 

agreed vrith the facts furnished by experiments made, as has been explained, by dif- 
ferent persons at different times,” and is thus described by Mr, Harding; 

' The formula is very simple, and is based on the doctrine of the causes of resist- 

ance to the advance of railway trains being divisible into three classes. 

‘ “ The fi^rst class of resistance is what is understood by friction, and is constant at 

‘ all velocities. 

** The second class is what is understood by frontage resistance, and increases as 
i the square of the velocity in miles per hour, the resistance at one mile per hour being 

tb. per square foot of frontage. 

The third class of resistances may he termed, for want of a better word, resist- 
ances from concussions : the existence of such a class of resistances is indicated by the 
j concussions and vibrations clearly perceived by a train in rapid motion. This class of 

!' resistances is held to vary in the simple ratio of the velocity. 

* Calling the friction 6 lbs. per ton, the number of tons weight of the train = T, 

the velocity of the train in miles per hour — V, the resistance per square foot of 
frontage at 1 mile per hour == *0025 ib., the resistances from concussions in pounds 
■ ■ ■ Y 

t per ton of the load at 10 miles per hour and above — fbe number of square feet 

in the frontage of the train = N ; the formula giving the resistance in pounds per ton 
(of the weight of the train) is 

6 1 V I X -<^25 X N) 

? The results which this formula gives are shewn in the last column of the Table. 

When an engine runs with a train, the friction of the engine is taken at 15 lbs. per ton 
of its'weight..," ' 



From a Paper by Mr. John Sewell, C. E. 


t ** The divisor 3 is assumed.’* 
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“ It will be seen that the results of the formula are somewhat higher than those of 
the expei’iments at the lower velocities, for which it is not difficult to account. In 
the higher range of velocities, where the formula is better tested, its agreement with 
the experimental results is very close. 

“It appears that it applies well to passenger trains from 20 tons to 64 tons weight, 
and from 30 to 60 miles an hour. 

“Table II. affords the means of readily obtaining the resistances in ibs. per ton 
(according to this formula) of trains of passenger carriages travelling at any speed 
between 10 miles and 61 miles per hour." 

The method of applying this formula and Table 11. will be best explained by 
examples. 

Having the velocity, weight in tons, and frontage in square feet given, —to find the 
resistance. 

1st. Multiply the weight in tons by 6 ibs. for friction resistance. 

2nd. Multiply one-third of the velocity by the weight of the train in tons, for the 
concussion resistance. 

3rd. Multiply the square of the velocity by *0025 ib., and multiply that product by 
the number of square feet of frontage, for the atmospheric resistance. 

4th. Add together these three resistances, and divide the sum by the weight of the 
train in tons, which will give the resistance in ibs. per ton. 

Ex. — ^Taking a train of 21 1 tons, with a frontage of 60 square feet, and a velocity 
of 35 miles per hour, — ^required the resistance in ibs. per ton? 

Weight 2T5 x 6 . . . =129 == friction resistance. 

Velocity x 21*5 . . = 249*4 = concussion resistance. 

Frontage 60 x *0025 x 35® = 183*7 = atmospheric resistance. 

Total resistance = 562*1 „ 

■ „ . . = 26*1 ibs. per ton. 

Weight m tons = 21*5 

To find the horse-power of the Multiply the total resistance (just found) 

by the velocity of the train in feet per minute, and divide by 33,000, which wiU give 
the horse-power. 

By Table I. — At a speed of 35 miles an hour, the velocity is 3080 feet per 


minute : hence total resistance = 


562^:1x^080 
33000 


= 52*46 horse-power. 


By Table II, this operation is readily performed. 

Taking the same data as last example, and referring to the Table for 35 miles an 
hour, we find it is not given; but the mean between 34 and 36 miles will be suffi- 
ciently correct for our purpose, and which gives 17*6 lbs. for friction and concussion 
resistance. For atmospheric resistance the mean is 30*6 ibs. per square foot. Hence 

"" 21 ^ 5 ^ ~ 8*5 ibs. per ton for atmospheric resistance, which, added to 17*6 ibs., 

gives 26*1 ibs. per ton of resistance, as before. 

26*1 X 21*5 X 3080 


For horse-power, - 


52*46 horse-power, as before. 


33000 

This Table, therefore, facilitates the various calculations of resistances as found by 
Mr. Scott RusselFs formula. 

To prevent misunderstanding, it will he best to quote Mr. Harding^s observations. 
He says, “ Engineers are particularly reminded, that the resistances of which the 
present Paper treats must be understood to he the resistances, in calm weather, of 
engines and carriages of the ordinary construction, in good repair, on a railway also 
in good repair. 
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“111 actual practice, various circumstances will arise, as side winds, want of repair, 
or adjustment in the carriages or road, sharp curves, &c.; all wliich tend to make the 
resistances more than the experiments shew/' 


Resistances on the Broad Gauge. 

Various experiments made to ascertain the resistances to railway trains at different 
velocities were conducted by Mr, D. Gooch on the Bristol and Exeter Bail way, in 
order that he might answer the queries sent to him, and also to other Engineers, by 
the Bail way Commissioners. 

Messrs. Stephenson, Locke, McConnell, and Trevithick, in their replies on this 
point, referred to Mr. Wyndham Harding’s Paper ‘ on Besistances to Bailway Trains,' 
already explained; hut Mr. D, Gooch instituted and carried out that valuable set of 
experiments published with full details in the Appendix to the Bail way Commissioners' 
Keport to the tiouse of Lords on Railway Communication between London and 
Birmingham. 

In these experiments are given, separately, the resistance due to the train, and the 
resistance due to the engine and tender preceding the train. This is an important 
step towards obtaining an accurate formula for estimating the resistances to railway 
trains of different w'eights and at different velocities. 

The advantage of separating the engine and tender resistance from that of the train, 
in any general formula, w'ill be evident by compai'ing its effects per ton on trains of 
different weights. 

For instance, taking two of the experiments in Table III., at nearly the same velo- 
city, but with different loads, wc have for 100 tons, at 56*6 miles per hour, the engine 
2469 

” 16*5 ibs. per ton over the gross w^eight of the 


and tender resistance = 


; ibs. = 


149*2 

train. For the 50 tons train, at 58 miles an hour, the engine and tender resistance == 
2085 


100*7 


,ibs. = 20*7 lbs. per ton over the gross weight of the train. 


A similar effect is produced on trains at low velocities. For 100 tons, at 21*1 

807 

miles an hour, we have engine and tender resistance = lbs. = 5*3 ibs. per ton ; 


and for 50 tons, at 21*8 miles per hour, the engine and tender resistance = 
973 


98*5 


— tbs. = 9*8 ibs. per ton. 


It appears from this that the effect is about 4*2 lbs. per ton for the high velocity, 
and 4*5 tbs. per ton at the low velocity, greater resistance from the engine, over the 
weight of the light train than over that of the heavy one.* 

The great amount of power absorbed by the engine itself is quite prominent 
throughout the whole of these experiments. Column 4, Table III., shews the resist- 
ance of the engine and tender considered as part of the train. Column 5 shews the 
estimated resistance of the machinery of the engine after deducting the resistance due 
to the engine and tender at the ratio of the train resistance. 

The resistance of the machinery, how'cver, admits of explanation. The connecting 
rods are of considerable weight, and freely suspended hetw^een the crank and cross- 
head. With a 2-feet stroke (that of the ‘ Iron Duke* class), the heavy end of the 
connecting rod travels through a space of 6*283 feet each revolution of the wheel, 
and for two connecting rods gives 12*566 feet for each revolution ; while the other 


* In the comparative Diagram of Kesistances accompanying Mr. D. Gooch’s experiments this is 
clearly shewn, and is the reason why the lines of resistance of the 50 tons trains are higher than 
those for the iOO tons trains. 
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ends of the connecting rods travel about 8 feet during the same time, 72 miles an 
hour is about the maximum speed of this class of engines with a moderate load. The 
driving wheels are 8 feet diameter, and the stroke being 2 feet, gives the average 
velocity of the piston as 1000 feet per minute. The irregular motion of the crank 
will, however, make the velocity of the piston in the centre of the cylinder about 
1500 feet per minute. The crank has at the same moment its greatest power, and the 
piston its greatest velocity, when the unbalanced centrifugal power and momentum 
of the connecting rod and crank change the direction of their forces. Tor instance, 
if the crank he on the top centre, and suppose that part of the connecting rod, with 
the crank to which it is attached, weighs no more than 560 lbs., we have this weight 
descending in a forward direction for 1-57 ft., and for the next 1*57 ft. descending in 
a backward direction, at an average velocity of 1575 feet per minute. Now if the- 
weight is multiplied by the velocity, it gives 882,000 ft>s. of mixed forces of momen- 
turn of the connecting rod and centrifugal force of the crank, changing the direction 
of its forces no less than eight times for each revolution of the driving wheel. As 
there are two connecting rods and cranks in motion to produce one revolution, conse- 
quently it requires two f 
downward and for- 
ward, two downward 
and backward, two 
upward and backward, 
and two upward and 
forward changes of the 
direction of the forces 
generated by the com- 
bined movements of 
the crank and connec- 
ting rod. The dotted 
lines of the annexed 
diagram •will shew 
what is meant by the 
different directions of i* 
the centrifugal force 
of the connecting rod 
and crank. The ar- 

rows indicate the \ 

Section in whicli the crank is moving, and the letters the direction of the forces. 
DF-dovraward and forward. D B=downward and backward. UB=upward and 
backward. UP= upward and forward. 

The above estmate and diagram are given for illustration only, as it requires cor- 
rect data to estimate the resistance accurately; hut they will give an idea of the 

nature of the resistance to he overcome at high velocities, above that of the Mast and 
slides. . ' 

When a locomotive piston travels at the average rate of 1000 feet per minute, the 
power absorbed by the unbalanced momentum of the machinery must be very consi- 
derable, and, far more than the resistance of the atmosphere, limit, the velocity 
attainable by any class of engines. Praetical men have long sought to find a remedy 
for tha unbalanced momentum; and the higher the velocity, the more desirable it is 

that the piston and rod, the connecting rod and slide valves, should aH be properly 
balanced. if ^ j 

Mr. Heaton, Mr. D. Gooch, and Mr. M'Comiell were for some time engaged 
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with experiments on this subject; and it was hoped that they wmuld ultimately 
succeed in devising a practical remedy for the unbalanced machinery of a locomotive 
engine. 

In practice it is found that the height of the driving wheel, other circumstances 
being alike, decides the average speed for each class of engines. This may be taken 
as proof that it is the resistance of the machinery which limits the speed, and that by 
giving it more ease, an increased standard of velocity is attained, corresponding to the 
ease given. Accordingly, Mr. Stephenson, in his 8-wheeled class of engines, adopts 
a 7 -feet wheel, and Mr. Crampton, in his patent 8-wheclcd engines, still further 
carries out the same principle by adopting an 8-feet wheel with a low centre of gra- 
vity, both necessaiy and desirable means for obtaining steadiness, speed, and safety on 
any railw^ay. ' ' 

Those who have travelled on locomotives at high velocities could scarcely fail to 
notice the rapid movements of the working parts of the engine without reflecting on 
the great power required to produce and sustain that movement itself, independent of 
load. To them, the above explanation of the supposed cause of resistance will he 
clearly ixnderstood. To others, who may not have had such an opportunity, an ex- 
ample will best explain it, and perhaps he the means of drawing both theoretical and 
practical attention to ascertain the value of such resistance, including the slide valves, 
the blast pipe, and compressed steam at high speeds. The ‘Emperor^ locomotive 
(one of the * Iron Duke^ class) travelled from Didcot to Paddington, a distance of 
53 miles, with the ordinary express train, in 49-| minutes. The * Great Britain/ with 
which the experiments referred to were made, is said to have run the same distance 
in 47| minutes with the express train. The speed, therefore, w’as not an extreme 
one throughout, as no effort was made to obtain a high speed, but the engine was 
worked in the ordinary way. 

The day was calm, but cloudy, and a higher speed was expected along the good 
straight road from Twyford to Maidenhead, but it was comparatively little increased. 
The steam was blowing off, and the fire-door was opened to check it. There was no 
side wind, for it was in a cutting, and the only atmospheric resistance was that due 
to the velocity. The load was about 60 tons : the speed was at the rate of from 70 
to 72 miles an hour,— a high speed, it is true, but the question immediately suggested 
itself, — Why, under such favourable circumstances, was the sireed not higher? — 
eliciting only another question, — ^Where lay the limiting resistance to a higher speed? 
for there wms clearly an equilibrium between the power and the resistance. The 
answer which occurred was this, — ^that it was the unbalanced machinery, the un- 
balanced slide valves, the effects of the blast, and of the steam compressed in the 
cylinder, which mainly limited the speed to 72 miles an hour- 

If this be a correct view of the limiting cause of the speed of locomotive engines, 
it follows that increased velocities must he sought for by gmng greater ease to the 
machinery, along with increased boiler and cylinder power. The investigation of 
Mr. D. Gooch’s experiments seems to confirra this conclusion, and it is submitted 
now with the view of drawing the attention of future experimenters to determine its 
value as a principal resistance to railway trains at high velocities. 

In submitting, therefore, an abstract of Mr. D. Gooch’s experiments, the practical 
question has been kept clear from all other considerations, and the indicator and 
dynamometer resistances only investigated : these, being taken by competent and im- 
partial persons, are valuable as data of resistances to railway trains under similar cir- 
cumstances. The shortness of the distance experimented upon is the only drawback, 
hut it renders the minutest error visible in the tabulated results in the Report to the 
House of Lords ; and where these were observable, they have been omitted in taking 
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the averages given in Table III. As the weather was very unfavourable for experi- 
menting when they were made, they may be fairly regarded as giving average resist- 
ances on a calm day, and everything in good working order. 

In Table III. the indicator and dynamometer resistances are given separately for 
the engine and train, and combined for the gross load. The first twelve columns are 
practical, and the headings will explain them : the next two columns are explanatory 
of the circumstances occurring when the experiments were made: the last nine 
columns are theoretical, calculated from a formula which will now be explained. 

The resistance for the engine and tender, it will be observed, increases in the ratio 
ofthe velocity, regulated, however, by the load. Gommeneing at 5|- fts. per ton at 
1 mile an hour, the ratio of increase is *5 ft. per mile per hour. From this we have 

thevelocity X -5 + 5 = resistance of engine and tender per ton for their own sepa- 
rate resistance. The additional resistance to the engine from the atmosphere and load 
is taken as the square of the velocity x by the weight of the train, and by *00004, to 
be added to the preceding for the resistance per ton, and multiplied by their weight 
for the total resistance of the engine and tender in fts. It may be thus stated: 

Velocity x *5 + 5 velocity^ x weight of train x *00004 = engine and tender 
resistance per ton. 

By this formula columns 19 and 22 are calculated. 

The atmospheric resistance is taken as increasing in the ratio of the square of the 

velocity in miles per hour, regulated by the bulk of the train. 

Messrs. W. Harding* and D. Gooch have both adopted Pamhouris theory of frontage 
as the measure of atmospheric resistance. Kegarding, however, the experiments 
made by Dr. Lardner for the British Association as more satisfactory than those made 
by Pambour, and the conclusions f of Dr. Lardner as supported by his experiments, 
they have been adopted in investigating Mr. D. Gooch^s experiments. 

By combining the bulk and velocity together in estimating the resistance ofthe 
atmosphere, results are obtained which vary with every varying load and speed, 
thereby fairly representing the displacement of air by railway trains of all dimen- 
sions. 

For instance, the train with which these experiments w’'ere made, as shewn on the 
drawing accompanying them in the Eailway Commissioners’ Report, measures 276 
feet long, which corresponds with the average length of the carriages and inter- 
mediate spaces betw'een them. Their width is 9 feet, and height of bodies 7-|- feet; 
this gives 2/6 x 9 x 7^ = 18009 cubic feet of hulk for ten carriages weighing 100 
tons. By rejecting the odd 9 feet, we have lSO cubic feet of hulk 1 ton of weight 
of passenger carriages. 


Mr. ^Harding, altliougli adopting the frontage estimate for the atmospheric resistance to trains, 
yet dearly pointed out in his Paper (page 34) the objection to this mode of estimating that parti- 
cular migtance. He says in conclusion, on this point, This objection points to the necessity of 
taking into account, in comparing resistances per ton of different trains, the composition ofthe 
trains, the resistances of which are being compared, especially as to their bulk or specific gravity, 
and other similar circumstances. It is not, however, easy to see what unit or common measure 
could be used m such comparisons which would be so convenient or intelligible to Engineers as the 
ton weight.’ » This unit I have endeavoured to supply by the actual data of 180 cubic feet of bulk 
being equal to one ton in weight for passenger carriages on the broad gauge. The same unit will 
be nearly correct for the narrow-gauge passenger carriages also. — J. S. 
t After making a number of experiments with various sized and shaped vehicles, Dr. Lardner ’s 

conclusions on atmospheric resistance were,— 

, *1 That the shape of the front or hind part ofthe train has no observable effect on the resistance, 

spaces between the carriages of the train have no observable effect on the resistance. 
That the train, with the same width of frontage, suffers increased resistance with the in- 
creased bulk or volume of the coaches,” 
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There is so little difference in the proportion of bulk to weight of carriages on both 
gauges, that the same ratio will, without material error, apply to both. The follow- 
ing average dimensions and weights, taken from Mr. D. Gooch's evidence as given in 
the Gauge Commissioners' Report, will shew how nearly they are alike. The height 
of the bodies only has been taken, as any atmospheric resistance to the wheels is 
more properly included with friction and oscillation. 



Average No. of 
passengers per 
carriage. 

Weight of pas- 
sengers, at 14 
cwt. each. 

Average weight 
of carriages. 

Average weight 
of loaded car- 
riage. 

Average dimensions of 
carriages. 

Average hulk in 
cubic feet of one 
carriage. 

Average bulk 
per ton. 

Length. 

Width. 

Height. 


No. 

cwts. 

cwts. 

cwts. 

feet. 

feet. 

feet. 

cub. ft. 

cub. ft. 

Broad gauge 

52 

78 

147 

225 

25| 

9 

n 

1664 

147*9 

Narrow gauge 

21 

31-1 

80-1 

112 

17 

. 7 

7 

833 

148*8 


The spaces between the carriages make up the difference shewn by the tahular 
hulk per carnage, and that obtained per carriage when forming part of a train. Until 
a more careful inquiry shall determine a better ratio, the approximation of carriages 
on both gauges is so near, that 180 cubic feet per ton might he tried for the narrow 
gauge as well as for the experiments to which it is now applied. 

Independent, however, of Dr. Lardner's conclusions, it is reasonable to assume that 
a train of the hulk of 18,000 cubic feet would experience greater atmospheric resist- 
ance than a train of only one-tenth of that hulk. This, however, is not recognized in 
the frontage theory, which, to make up for its apparent deficiency, even in the Comte 
De Pambour's experiments, included wheels, the eddying between the carriages, and 
(if it were fully carried out) should also have included the resistance from every open 
carriage-window in a train. By taking the hulk for the measure of atmospheric 
resistance, it embraces all these in a much more satisfactory manner than can be done 
separately, and for these reasons it has been adopted at this time in investigating the 
broad-gauge experiments. 

The atmospheric resistance is therefore taken to increase in the ratio of the square 
of the velocity in miles per hour x by the bulk of the train in cubic feet, and by 
*00002 as a co-efiicient per ton of train. By this data column 16 is calculated. 

The friction resistance is taken at 6 tbs. per ton, as seen in column 15. 

The oscillatory resistance is taken as increasing in the ratio of the velocity x 
by the weight of the train only. Column 17 is calculated by this data. 

For what reason experimenters separate these two last resistances does not clearly 
appear. They are evidently the same resistance, increasing in the ratio of the velo- 
city only. Oscillatory resistance is mainly the increased friction of the axle bearing 
against the collars of the axle, consequent upon the transverse vibrations at high 
velocities. It is practically and forcibly exhibited in the wearing away of the ends of 
the axle bearings, which in many instances wear more rapidly than the top part 
where the weight rests upon. The hearing has then to he lengthened, or to 
aside as old metal. 

Such practical evidence is the strongest proof that the axle friction is not constant 
at all velocities, hut increases with the increasing velocity, and should be so estimated 
generally, as in Table IV. and in the ' Diagram of Resistances.' (See Plate.) 

Ill Table III. they have, however, been given separately, the better to test the for- 
mula, and also as an unit to start from, adopted by former experimenters and inves- 
tigators of resistances to railway trains. 


0mm' 


I. 

I 

m 
'W 





534 


STEAM ENGINE, LOCOMOTIVE. 



The formula, therefore, by which the estimated resistances in Tables III. and lY. 
are calculated is submitted as an empirical one only, and embraces,— 

1st, The engine and tender resistance, increasing in the ratio of the velocity for 
their own resistance, and in the ratio of the sq_uare of the velocity, regulated by the 
load, for atmospheric and load resistance. 

2ndly, The atmospheric resistance of the train, increasing as the square of the 
velocity, regulated by the bulk of the train. 

3rdly, The oscillatory resistance, increasing in the ratio of the velocity (estimated 
at one-fifteenth), regulated by the load. 

4thly, The friction resistance (for the reasons given, estimated at 6 ifes. per ton), 
regulated by the load. 

It is, therefore, simple in its elements, and may be thus expressed. 

Calling the weight of the train in tons - T, the friction of the train per ton = 6!fes., 
the bulk of the train in cubic feet = B, the weight of the engine and tender = E, 
the velocity = V ; we have for a formula by which to estimate the resistances sepa- 
rately, 

E X (V X *5 5 + V2 X T X *00004) = engine and tender resistance in fts. 

V^ X B X *00002 , ... . . . ~ atmospheric resistance in tbs. 

V X T 

J 5 * • • • = oscillatory resistance in tbs. 

^ ^ • • • • • • • • • . = friction resistance in tbs. 

These separate resistances, being added into one sum and divided by the gross 
load, give the estimated resistance per ton. Briefly it would stand thus,— 

B X (V X '5 + 5 + V2 X T X -00004) + (V^ x B x -00002) + —^. 1 + T ^ 

.. ■■ ■ . '■■■ ■' ' 15" , ■ E.T. 

resistance per ton. 

The theoretical resistances given in Table III. are from the above formula, and 
their general agreement with the (somewhat irregular) practical results is satis- 
factory. 

Table IV. is also drawn up from tHs formula, to facilitate estimating the resistances 
of trains under similar circumstances on a level line, a calm day, and engine, 
carriages and road in good working order. 

The Diagram* shews the same resistances as Table IV., exhibiting them separately 
for the engine and train. For the reasons already mentioned, lines of resistance for 
the engine and tender, with various loads, are also shewn separately. Being divided 
into tenths of an inch each way, either miles or lbs. can be counted without the aid of 
a scale or iustruments. The base line indicates the velocity in miles per houi*. The 
vertical lines indicate the lbs. per ton at the point intersected by the line of resist- 
ance. Each tenth of an inch along the baseline represents one mile, and each tenth 
of an inch on the vertical lines represents lib. 

As the additional resistance from the atmosphere and load on the engine and ten- 
der is only 2*25 lbs. per ton of the train, at a velocity of 75 miles an hour, it is shewn 
in a separate diagram, where the miles on the base line are represented by tenths of 
an inch ; hut the lbs. on the vertical lines by hundredths of an inch. This admits the 
resistance in hundredths of a lb. per ton to he counted without the aid of instru- 
ments. The resistance in ibs. per cubic foot of bulk is one-half of this additional 
resistance. 

The results arrived at in this investigation, and embodied in the diagrams, demon- 

* Owing to the small scale of the Diagram, there is some irregularity in the train lines D, which 
is accidental, and not the result of the theory ; hut Table IV. gives them correctly in figures. 
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strate tlie necessity of a more perfect meclianical construction of the locomotive 
engine, and fully explain wliat has been stated regarding the vast amount of power 
absorbed by the engine itself. 

The application of the Formula and Tables will now be explained by examples, as 
before. 

Having the velocity, weight of engine and tender in tons, weight of train in tons, 
and hulk of train (exclusive of engine and tender) in cubic feet, given, — ^required the 
engine and tender resistance, the atmospheric resistance, the oscillatory resistance, 
and the friction resistance, separately ; also per ton of the gross load ? 

1st, Multiply the velocity by *5, and to the product add 5 for the friction of the 
axles and machinery of the engine. For the additional resistance of the atmosphere 
and load on the engine, multiply the square of the velocity in miles per hour by the 
weight of the train in tons, and by *00004. Add these together for the resistance m 
lbs. per ton of the engine and tender, and multiply by their weight in tons for their 
total resistance in fts. 

2ndly, Multiply the square of the velocity by the bulk of the train (excluding the 
engine and tender), and by •00002, for the atmospheric resistance in lbs. due to the 
train. 

3rdly, Multiply the velocity by the weight of the train, and divide by 15, for the 
oscillatory resistance of the train in tbs. 

4thly, Multiply the weight of the train in tons by 6, for the friction resistance 
in lbs. ■ 

Sthly, Add into one sum these resistances, and divide by tbe gross weight of the 
train in tons, for the resistance in lbs. per ton of the gross load. 

jSV.— Taking a train of 100 tons, engine and tender of 49*2 tons, velocity 56*6 
miles per hour, and bulk 18,000 cubic feet, — required the separate resistances, and 
the resistance per ton of the gross load ? (See Table HI.) 

For the engine and tender resistance we have 

56*6 X *5 + 5-}- 56*62 X 100 x *00004 «46*1 lbs. per ton x 49*2 2268*12 lbs. 
resistance for the engine and tender. 

In order to test the formula, it will be contrasted, throughout this example, with 
the experimental results. On referring to the Table it will be observed that the expe- 
rimental resistance is greatest by 201 lbs.* As the train was, however, subjected to a 
^ strong side wind,' the whole of the experimental results are greater than those found 
by the formula. In other instances the resistances found by the formula are greatest. 
It is, therefore, by its general agreement with the whole of the experiments that it 
should be tested, and not by any one experiment. The example now taken shews a 
total difference of 251 tbs. ; 201 ttis. of which are due to the engine, or about 4 lbs. 
per ton on the engine and tender weight, shewing that although the resistance of the 
engine is estimated at a high rate, it does not appear to he in excess for ordinary con- 
tingencies, being too low for the effects of a side wind on the engine. 

For the friction resistance wm have 100 x 6 = 600 lbs. This, taken from the dyna- 
mometer resistance of 2180 lbs., leaves 1580 lbs. to be divided between the atmo- 
spheric and oscillatory resistances, and so limits the inquiry as to admit of no great 
error in estimating them. 

For oscillatory resistance we have — — - = 377'3 lbs., which, taken from 

. 15 V 

1580, leaves 1202*7 lbs. 

For atmospheric resistance we have 56*62 x 18000 x *00002 = 1153*28 lbs., or 49*4 
lbs. less resistance for the train by formula than by the dynamometer, being within 
half a pound p<T ton of the weight of the train, although exposed to a side wind. 
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Stated concisely, these calculations would stand thus, — 

lbs. 

100 X -00004 X 49-2 = 2268*12 
= 600 


56-6 X 

100 X 

56*6 X 


‘5 + 5 + 56*62 
6 

100 


15 

56-62 X 


18000 X -00002 


= 377-3 
= 1153-28 


Resistances. 

= engine and tender. 
= friction. 

= oscillatory. 

= atmospheric. 


Gross weight of train = 


4398-7 

149-2 


= 29-48 fts. 


per ton of the gross load. 

The experimental resistance was 31*16 lbs. per ton, the estimated resistance 29*48 
ibs., or 1*68 tb. per ton of the load less than the former; a near approximation to a 
train having the retarding influence of a side wind to contend against, with four-fifths 
of this difference due to the engine. 

The formula, therefore, from which this estimate, Table IV., and the Diagram, are 
drawn up, appears to be sufliciently accurate for general reference for engines and 
trains on the broad gauge of the class experimented with by Mr. D. Gooch. 

As these experiments were made with an engine and tender weighing about 50 
tons, with 8-feet driving wheels, the line of engine and tender resistance per ton on 
the diagram will only apply to engines of the same general class and weight. The 
greater ease to the machinery of an engine with 8-feet driving wheels over that of 
an engine with 5, 5J-, or 6-feet wheels, is necessarily very considerable, as seen 
below. 

By Table VI. the revolutions of an 8-feet wdicel per mile are 210-1 times, — of a 
6-feet wheel 280*5 times, — of a 5-J-feet wheel 305*6 times, — and of a 5-feet wheel 
336*3 times; consequently, for a run of only 50 miles, it gives 

No. of the cylinders 
Revolutions of the of steam to exhaust 

driving wheel. through the blast pipe. 


For an 8-feet -wheel 210-1 x 50 = 10505 

or 

42020 

,, 6— feet ,, 

280-5 X 50 = 14025 

or 

56100 

,, S'g'-feet ,, 

305-6 X 50 = 15280 

or 

61120 

,, 6 -feet ,, 

336-3 X 50 = 16815 

or 

67260 


As the resistance of the machinery, slideS; and blast increases rapidly in proportion 
to the velocity of the piston and the number of exhausts of steam per minute, the 
line which indicates the ^th of the resistance due to the complete machine for gene- 
rating power, with its machinery moving or | slowmr than the working parts of 
another power-producing machine, it is evident, would not indicate -y^yth of tbe resist- 
ance due to the more rapid moving machinery of a lighter machine. The ratio of the 
resistance for the latter machine would therefore he much higher than -g^^th of that 
due to the ‘ Great Britain’ class of engines. 

That the machinery of the ‘ Great Britain’ works freely is beyond question. Twice, 
with the ordinary express trains, this engine maintained an average velocity of 
nearly 67 miles per hour over the 53 miles from Paddington to Didcot, including 
starting from a state of rest until coming to the stopping platform again. The one 
trip was up gradients averaging 4 feet per mile, the other down the same gradients. 
The trip up the gradients is generally run in least time : this arises from having 
to reduce the speed quite low on the down trip, nearly a mile from Paddington, 
which thus takes much longer time to run over than is fairly due to stopping at any 
other station. 

Sixty-seven miles an hour is about the maximum average velocity of the ‘ Iron 
Duke’ class of engines. The ‘ Great Britain’ was made from the same drawings as 
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fhe ‘ Iron Duke,' and the performances of the whole class are as nearly alike as those 
of any class of engines can be. A new class of en^nes of the same general construc- 
tion, but with 3 inches shorter tubes and 6 inches longer fire-box, appear from the 
performance of the ‘Courier' (one of the new class), as reported in the Morning 
Herald^ (altliough only newly out of the shop,) to have equalled the ‘Iron Duke' 
class. As the area of the blast pipe of the ‘ Courier' class is larger by about 
4 square inches than the blast pipe of the ‘Iron Duke' class, it shews that the 
enlarged fire-box generates the same quantity of steam with less blast ; and as the 
increased size of the blast pipe diminishes the compression, it so far eases the piston 
that a proportionally increased velocity will be attained, with less consumption of 
fuel, from the milder blast on the fire. This consumption is as low as from 24 to 
26 lbs. of coke per mile for running 1078 miles per week with the mail trains, and 
that for engines newly out of the workmen's hands. 

Regarding, therefore, 75 miles an hour as the maximum velocity of the best loco- 
motive engines of the day, the Table No. IV. and the Diagram of Resistances from 
the formula have been carried out to that velocity only. When a higher velocity is 
attained it will he by some improved arrangements of the machinery, slide valve, and 
blast, which would give a lower ratio of resistance throughout, and require new data 
to indicate the new line of resistance due to the superior arrangements of the power- 
producing machine. 

The line of resistance, therefore, which is applicable to the ‘Great Britain' class of 
engines cannot be applicable to other classes of engines (irrespective of gauge), as 
from this investigation it appears that each different kind would have its own separate 
line of resistance. As there is not so great variety amongst carriages as amongst 
engines, the ratio of resistance for the carriages would he more permanent than it can 
be for engines so variously constructed. 

The data for indicating the lines of resistance for locomotives of various descrip- 
tions are extremely limited. The Comte De Pamhour clearly saw, and ably pointed 
out, the necessity of estimating the resistances separately* His experiments on the 
friction of loaded and unloaded engines were very good as far as they went, and only 
require to be fully carried out, to give the data necessary to lay down lines of 
resistance for any particular class of locomotives. 

In the Diagram of Resistances the lines A and B indicate the mean resistance the 
Comte De Pamhour found by experiment on engines from 8 to 11 tons weight; but 
he gives no data by which to trace the direction of these lines. The only other avail- 
able data are those of two indicator experiments taken byMr.D. Gooch, at 10 and 20 
miles an hour. The line marked C on the diagram shews the resistance per ton indi- 
cated by these experiments. It is not given for calculating the resistance of the 
‘Ixion' class of engines, hut is given along with the resistances indicated by the 
Comte De Pambour's experiments, as sufficient to shew that new experimental data 
are required to determine the law of resistance to locomotive engines of various 
descriptions on both gauges. One inference which may be drawn from the highest 
speed of the ‘ Iron Duke' and other classes of engines seems to be this, that with a 
load, and at a velocity of 1000 feet per minute of the piston, locomotives have 
reached their maximum velocity as they are at present (1848) constructed. This 
point, how^ever, should be investigated by future experimenters, in order to deduce 
from it some general law applicable to the velocity of the piston, and its relation to 
the highest speed of locomotives of various constructions. 

Prom wkat has been said, it will he clearly understood that the resistances indi- 
cated by the formula are those due to engines of the class of the ‘ Iron Duke,' and 
carriages of the ordinary construction on the Great 'Western Railway, both in good 
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working order, on a calm day, and on a level railway in good repair. For gradients 
they require to have the resistance per ton due to the incline, as in Table V., added 
to the resistances given in Table IV. or in the Diagram of Resistances. For gradients 
not in Table V. the resistance due to the incline may be found by dividing the fts. in 
a ton (2240 fts.) by the ratio of the rise in feet. Thus, if the gradient be 1 in 700 
22400 

feet, we have ~ 3-2fes. per ton as the resistance due to the incline, to be 

added to the resistance given by the formula. 

With these observations, we now proceed with the examples. 

By Table IV. the resistances given by the formula are readily calculated, 

J'.r.-— Required the total resistance, and the resistance per ton of the gross load, 
for a train of 60 tons, engine and tender 50 tons, bulk of train 10,800 cubic feet, and 
velocity 50 miles per hour, on a level railway ? Referring to the Table, opposite * 50 
miles per hour' is 30 fts. for the engine and tender resistance, and *115. for the 
additional resistance to the engine from the atmosphere and load per ton of the train, 
or *05 per cubic foot of bulk of the train. This gives for engine and tender resist- 
ance 60 X '1 =5= 6 fts,, to be added to the 30 fts. due to the engine and tender alone, 
= 36 fts. per ton as the engine and tender resistance. For friction and oscillation, 
the resistance opposite ‘ 50 miles’ per hour is 9*33 fts., and forthe atmosphere 9 fts.; 
hence 


I- 




1 jl? ■ 




if' 



Engine and tender of 50 tons x 36 
Train of 60 tons x 9‘33 


fts. == 1800 fts. - J and tender 
I resistance. 


= 559-8 
= 540 


of 60 tons X 9-0 
Total resistance = 2899-8 
Gross weight of train 


_ f friction and oscil- 
1 lation resistance. 
_ J atmospheric resist- 
1 a^ce. 

I* 26*36 fts. per ton of 


110 ’ I the gross load 

Or thus by bulk 
Engine and tender of 50 tons x 36 fts. = 1800 fts. 

Train of 60 tons x 9-33 „ = 559-8 „ 

,, bulk ofl0,800 cubic feet x *05 „ = 540 „ 

Total resistance = 2899-8 

Gross load . . 1 ^ 1 ^= 26-36 Ibs.per ton, as before. 

By taking the total resistance of the train at once it shortens the calculation. 
Thus, 50 X 36 =1800 
And for total resistance by Table 

we have 18*33 fts. ; and 60 x 18*33 = 1099-8 
Total resistance 


= 2899*8 


== 26*36 fts., as before. 


Gross load . . no 

For the resistance to the above train on a gradient of 1 in 100, requires to be added 
the gravity due to the incline, which by Table V. is 22-4 tts. per ton ; therefore 
26-36 + 22-4 = 48-76 lbs. as the resistance per ton of a gross load of 110 tons, np a 
gradient of 1 in 100, at 50 miles an hour. 

The Diagram of Resistances greatly facilitates the calculation of the resistances 
found from the formula, and, if constructed on a large scale, would do so with suffi- 
cient accuracy for all ordinary purposes. 

£r.— Taking the same data as last e.xample,— required the resistance in lbs. per ton 
on a level railway, and calm day ? 

The velocity being 50 miles and the train 60 tons, by referring to the Table, and 
foUowing the ‘ 50 miles’ vertical line until it intersects the ‘ 60 tons engine and ten- 
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der’ line, we have 36 lbs., wMch, multiplied by the weight of the engine and 
tender, 50 tons, ~ 1800 ibs. Again, following the * 50 miles' vertical line until it 
intersects the train line of resistance, we have 18 1 tbs,, say 18*33 tbs, x 60 tons 
= 1099*8 tbs. + 1800 its. = 2899*8 ibs. total resistance, divided by 110 tons (the gross 
load) = 26-36 lbs. 

Another example will illustrate the facility with wliich this Diagram of Resistances 
can be applied. 

Ex .' — Required the resistance of a train of 70 tons, engine and tender 50 tons, at 
60 miles an hour, on a level, also the resistance on a gradient of 1 in 800 ? 

By the Table we find the ^ 60 mile' vertical line intersects the ‘ 70 ton' engine and 
tender line at 45 lbs., and the train line at nearly 23 lbs. (by calculation 22*96 
tbs.)';. ■ 

Therefore, Engine and tender of 50 tons x 45 lbs. = 2250 lbs. 
and Train of 70 tons x 23ibs. = 1610 „ 

1 , , , , , 3860 /tons, = 32*16 ft)S. per 

Divided by the gross load ton, on a level. 

For the gradient, by Table Y. the resistance due to 1 in 100 is 22*4 lbs. ; hence 22*4 
8 ~ 2*8 tbs. as the resistance per ton due to a rise of 1 in 800; and 32*16 + 2*8 
= 34*96 tbs. per ton on a gradient of 1 in 800. 

Mesistance of the Blast Pipe. 

As the blast pipe is a distinct and important part of a locomotive engine, we will 
now endeavour to ascertain its practical value for engines of the class of the ‘ Great 
Britain.' 

The resistance of the blast pipe was deducted from all the experiments recorded in 
Table III. In addition, therefore, to the resistances already considered, the steam has 
to overcome that of the blast pipe. The indicator cards taken during these experi- 
ments, as given in Table YIIL, supply valuable data of the relations between front and 
back pressure, also between the load, the velocity, and the pressure on the piston. 
From this record of 67 indicator cards, it appears that the hack pressure follows the 
ratio of the mean pressure on the piston, regulated by its velocity; and that whilst a 
heavy load increases the mean pressure on the piston, the per-centage of back to front 
pressure remains nearly the same as with lighter loads at similar velocities. 

The pressure of the steam in the boiler will regulate that of the steam admitted to 
the cylinder until the communication is cut off by the slide valve. The degree of 
expansion of the steam so cut oflf will then regulate the mean pressure on the piston 
so that it may be generated under a pressure of 90 lbs. in the boiler, and only ave- 
raging 20 lbs. in the cylinder. It is therefore the lbs. of steam cut off in the cylinder 
which regulate the resistance of the blast pipe; for if it be expanded during three- 
fourths of the stroke, a low back pressure will result; but if only expanded during 
one-fourth of the stroke, a higher hack pressure will be produced,— -so that the mean 
pressure on the piston indicates the degree of expansion in the cylinder. The general 
increase being nearly in the ratio of the square of the pressure, it has Been so esti- 
mated in the law for calculating the resistance of the blast pipe. The velocity of the 
piston in feet per minute, the orifice of the blast pipe, and the capacity of the cylin- 
der, are the remaining elements of that law. 

The formula (from which the theoretical columns of back pressure in the Table 
have been calculated) embraces all these in the foitowing manner : 

To the square of the mean pressure in fibs. per square inch + the velocity of the 
piston in feet per minute, x by the ratio of the capacity of the cylinder to the area 
of the orifice of the blast pipe, and by *00001, for the back pressure in lbs. i)er square 



540 


STEAM ENGINE^ LOCOMOTIVE. 


! ' i: ‘ 


f'41 W' i '; 

f iin 


5 1 

'! ! 


f j'il ■ 


inch against the piston. If we call the pressure P, the velocity Y, the ratio of the 
cylinder and blast pipe R, the formula would stand thus ; 

+ V X R X -00001 = hack pressure in ibs. per square inch. 

It is submitted as an empirical law only, limited at present to engines of the class 
of the ‘ Great Britain,^ until future experiments shall determine whether it is appli- 
cable to other classes of locomotives. Its application is simple, and will now be 
explained by an example. 

Let a locomotive engine have cylinders 18 inches diameter, 2-feet stroke, 
blast pipe 5 inches diameter, driving wheels 8 feet diameter, velocity 56*6 miles per 
hour, mean px*essure on the piston 79*4 lbs. per square inch ; — ^required the back pres- 
sure against the piston ? (See Table VIII.) 

For capacity of cylinder we have x *7854 x 24 = 6107*25 

For area of orifice of blast pipe we have 52 X -7854 === 19*635 

for the ratio between the cylinder and blast pipe, 

Forthe velocity of the piston we have by Table YI. 210-1 (revolutions for an S-feet 
wheel per mile) x 4 = 840*4 feet travelled by the piston per mile ; hence 840*4-7- 60 
= 14-0 as the ratio nearly between the miles per hour of the driving wheel and the 
feet per minute of the piston, and which has been adopted in calculating the resist- 
ances in Table YIII. 

Therefore, (79-43 + 56-6) x 14 x 311 x *00001 = 22*068 tbs. per square inch for 
the back pressure. 

By referring to the Table it will be seen that the experimental result was 22*5, so 
that the formula gives a near approximation to the practical value of the back pres- 
sure for engines of the class of the (Great Britain.^ It also gives results varying with 
every varying ratio of cylinder to blast pipe. Applied to some experiments made by 
Mr. J. Parkes,’*' it gives results nearly the same as he arrived at by removing the 
blast pipe. From these experiments Mr. Parkes concluded— That the counter- 
resistance from the blast augments and diminishes with the pressure on the piston, 
and that it is independent of the velocity of the piston ; for in all these observations 
it only rose with the velocity when the pressure was increased.” 

The more extensive series of observations taken by Mr. D. Gooch confirm the first 
part of this conclusion, but shew that it is modified by the velocity of the piston. As 
the Comte De Pambour does not give the pressure in the boiler or on the piston, 
during the experiments he made (regarding back pressure as due to velocity only), 

we cannot compare his experiments with the formula now submitted. 

Mr. D. Gooch states that “ in the ‘ IxionV engine, the blast pipe of which was -j^th 
of the area of the cylinder, with the driving wheel 7 feet in diameter, and the steam 
cut off at 13f inches of the stroke, the loss from the back pressure at different velo- 
cities was 2*1 per cent, at 7 miles an hour; 11*6 per cent, at 20 miles ; 15*8 per cent, 
at 40 miles ; and 21 per cent, at 60 miles ; and the indicator cards accompanying the 
Experiments on the Resistance of Trains also shew nearly similar results.” 

These cards, it has been seen, shew that the back pressure increases generally in 
the ratio of the pressure regulated by the velocity, and that the larger the orifice of 
the blast pipe is to the capacity of the cylinder, the less back pressure there will he 
at all velocities. 

♦ The ratio of the orifice of the blast pipe to the cylinder was in that case. 
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TABLES OF RESISTANCES TO RAILWAY, TRAINS. 

TABLE L 

Table of the Time occupied in running I, f, and 1 mile; also the Difference of 
Time in the Rates of Velocitij per mile^ and the Speed in feet per minute^ of 
the Engine or Train, from I to miles an hour » 


SPEED 

per 

hour, 

TIME OF RUNNING. 

Difference 
of Time 
per mile. 

Speed of 
Engine 
per min.* 

SPEED 

per 

hour. 

TIME OF RUNNING. 

Difference 
of Time 
per mile. 

Speed of 
Engine 
per min.* 

1 mile. 

imile. 

f mile. 

1 mile. 

imile. 

^mile. 

fmile. 

imile. 

Miles. 

n 

ft 

tt 

/ n 

// 

Feet. 

Miles. 

/ n 

! n 

/ // 

/ // 

/ 

f> 

Feet. 

90 

10 

20 

30 

40 


7920 

45 

20 

40 

1 0*0 

1 20 


1-74 

3960 

89 

10-11 

20-22 

30-33 

40-45 

•46 

7832 

44 

20 •45 

40*90 

1 1-35 

1 21*81 


1*81 

3872 

88 

10-22 

20*45 

30-66 

40-9 

•45 

7744 

43 

20*93 

41-86 

1 2-79 

1 23-72 


1*91 

3784 

87 

10-34 

20-68 

31-02 

41-37 

•47 

7656 

42 

21-42 

42-85 

I 4*28 

I 26-71 


V9Q 

3696 

86 

10-46 

20-93 

31-38 

41-86 

*49 

7568 

41 

21-95 

43-90 

1 6*85 

1 27-8 


2'09 

3608 

85 

10-59 

21-17 

31-76 

42-35 

•49 

7480 

40 

22-5 

45 

1 7*5 

1 30 


2-20 

35*20 

84 

10-71 

21-42 

32-13 

42-85 

-.50 

7392 

39 

23*07 

46-15 

1 9*22 

1 32-30 


2-30 

3432 

83 

10-84 

21-68 

32-52 

43-37 

•52 

7304 

38 

23-68 

47-36 

1 11*05 

1 34-73 


2*43 

3344 

82 

10-97 

21-95 

32-92 

43*90 

-.53 

7216 

37 

24-32 

48*64 

1 12-97 

1 37-29 


2-56 

3-2f>6 

81 

ii-ll 

22-22 

33-33 

44-44 

*.54 

7128 

36 

25 . 

50 

1 15 

1 40 


2-71 

3168 

80 

11-25 

22*5' 

33-75 

4.5 

•56 

7040 

35 

25*71 

51*42 

1 17*18 

1 42*85 


2*85 

3080 

79 

11*4 

22*7 

34-17 

45-.57 

•07 

6952 

34 

26-47 

62-94 

1 19*41 

1 45-88 


3-03 

2992 


11-53 

23-07 

34-71 

46-15 

*58 

6864 

33 

27*27 

64-54 

1 21*81 

1 49*09 


3-21 

2904 

77 

11 -(58 

23-.37 

35-06 

46*75 

•60 

6776 

32 

28-12 

56*25 

1 24*37 

1 52-6 


3-41 

2816 

78 

n-84 

23-68 

35-62 

47-36 

•61 

6688 

81 

29*03 

68-06 

1 27*09 

1 56*12 


3-02 

2728 

75 

12 

24 

36 

48 

•63 

6600 

30 

30 

1 0*00 

1 30 

2 0 


3-88 

2640 

74 

12-16 

24-32 

36'48 

48-65 

•65 

6512 

29 

31*03 

1 2*06 

1 33*09 

2 4*13 


4-13 

2462 

73 

12-32 

24*65 

36*98 

49-31 

•66 

6424 

28 

32*14 

1 4-28 

1 36*42 

2 8'67 


4-44 

2304 

72 

12-.5 

25 

37*5 

60 

•68 

6836 

27 

33*33 

1 6-60 

T 39*99 

2 13‘.33 


4*76 

2376 

71 

12-67 

25-35 

38*01 

50-7 

•70 

6248 

26 

34*01 

1 9*23 

1 43*83 

2 18-68 


6*1.3 

2288 

70 

12-85 

25*71 

38*55 

61-42 

•72 

6160 

25 

36 

1 12 

I 48 

2 24 


6-64 

2200 

69 

13-04 

26-08 

39*12 

52-17 

•75 

6072 

24 

37*5 

116 

1 62*5 

2 30 


6-0 

2112 

68 

13-23 

26-47 

39*70 

62-94 

•77 

5934 

23 

39*13 

1 18*26 

1 57*39 

2 36-52 


6*53 

2024 

67 

13*43 

26*86 

40-29 

63*73 

•79 

5896 

22 

40*90 

1 21-81 

2 2*72 

2 43-63 


7-11 

1036 

m 

13-63 

27-27 

40*90 

54-54 

•81 

5808 

21 

42*85 

1 25*71 

2 8*55 

2 61-42 


779 

1848 

65 

13-84 

27-69 

41-53 

55-38 

•84 

6720 

20 

45 

1 30 

2 15 

3 0 


8-58 

1760 

64 

14-06 

28-12 

42-18 

56-26 

•87 

5632 

19 

47-36 

1 34*73 

2 22*08 

3 9*47 


9*47 

167-2 

63 

14-28 

28*57 

42 '85 

67-14 

•89 

6544 

18 

60 

1 40 

2 30 

3 20 


10-53 

1584 

62 

14-51 

29-03 

43-54 

58-06 

•92 

5456 

17 

52-94 

1 45*88 

2 38*82 

3 31*76 


11*76 

1496 

61 

14-75 

29-50| 

44-26 

59'01 

•95 

5368 

16 

56-25 

1 52*5 

2 48*75 

3 45 


13-24 

1408 

60 

15 

30 1 

45 

1 0 

•99 

5280 

16 

1 0 

2 0 

3 0 

4 0 


15 

1320 

59 

15'25 

30-50! 

45*76 

1 1-01 

roi 

5192 

14 

1 4-26 

2 8*52 

3 12*78 

4 17*14 


17*14 

1232 

58 

15-61 

31-03 

46*54 

1 2-06 

1*06 

6104 

13 

1 9*23 

2 18*46 

3 27*69 

4 36-92 


19*78 

1144 

57 

15*78 

31*57 

47*36 

1 3-15 

D09 

5016 

12 

1 15 

2 30 

3 45 

6 0 


23-08 

1056 

56 

16-07 

32-14 

48*21 

1 4*28 

1*113 

4928 

11 

1 21-81 

2 43*63 

4 6*45 

5 27*27 


27*27 

968 

55 

16-36 

32*72 

49-08 

1 5-45 

1*U7 

4840 

10 

1 ,30 

3 0 

4 30 

6 0 


33-73 

880 

64 

16-66 

33-33 

49*99 

1 6-66 

1*21 

4752 

9 

1 40 

3 20 

5 0 

6 40 


40 

792 

53 

16-98 

33-96 

50-94 

1 7-92 

1-26 

4664 

8 

1 62-5 

3 45 

5 37*5 

7 30 


50 

704 

62 

17*30 

34-61 

51-90 

1 9-23 

1‘31 

4576 

7 

2 8-57 

4 17-14 

6 25*71 

8 34*28 

1 

4-28 

616 

51 

17-64 

35-29 

52-92 

1 10-58 

1-35 

4488 

6 

2 30 

5 0 

7 30 

10 0 

1 

25*72 

528 

50 

18 

36 

■54 

1 12 

1-42 

4400 

5 

3 0 

6 0 

9 0 

12 0 

2 

0 

440 

49 

18*36 

36-73 

55-09 

1 13-47 

1-47 

4312 

4 

3 45 

7 30 

11 15 

15 0 

3 

0 

352 

48 

18-76 

37-5 

66-25 

1 15 

1*53 

4224 

3 

5 0 

10 0 

15 0 

20 0 

5 

0 

264 

47 

19-14 

38*29 

57*44 

1 16-59 

r59 

41.36 

2 

7 30 

15 0 

22 30 

30 0 

10 

0 

176 

46 

10-56 

39-13 

68-69 

1 18-26 

1*67 

4048 

1 

15 0 

30 0 

45 0 

60 0 

30 

0 

88 


* For miles and fractions of a mile, multiply the speed given by 88 for the speed in feot per minute. 


EXPLANATION., 

Having the velocity given for or | of a mile,— -required the rate of speed 
per hour? 

Find the particular velocity or the one nearest to it under the proper column, and 
[ opposite to it, in the column ‘ per hour,' is the rate required. 

fI Er . — If the time in running i of a mile is 16 seconds, — required the rate per 
■ .hour?' , ' 

Ans , — Under the column mile' the nearest number is 16*07, and opposite to 
that number, in the *per hour' column, is 56 miles, the rate of speed required, 
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TABLE 11. 

Table tofadlitate the Calculation of the Resistances to JPassenger Trains on a calm 
dayi on a level line, practically straight^ the Rails and Carriages being in good 
working order, and generally in the absence of any disturbing cause calculated to 
affect materially the amount of resistance : calculated from Formula, 


Velocity : 
per hour. 

Resistarw 

friction. 

Hesistauf 
varying a 
velocity. 

91 

il 

CO 2; 

1 a » 1 

10 

6 

3*3 

9*3 

0*25 

12 

6 

4* 

10* 

0*36 

14 

6 

4*6 

10*6 

0-49 

16 

6 

5-3 

11*3 

0*64 

18 

6 

6* 

12* 

0-81 

20 

6 

6-6 

12*6 

1* 

22 

6 

7*3 

13*3 

1-21 

24 

6 

8* 

14* 

1*44 

26 

6 

8*6 

14*6 

1*69 

28 

6 

9*3 

15*3 

1*96 

30 

6 

10- 

16* 

2*25 

32 

6 

10*6 

16*6 

2*56 

34 

6 

11*3 

17*3 

2*89 

36 

6 

12* 

IS- 

3*24 

38 

6 

12*6 

IS’S 

3-61 

40 

6 

13*3 

19*3 

4* 

41 

6 

13-6 

19-6 

4*22 

42 

6 

14* 

20* 

4*41 

43 

6 

14*3 

20*3 

4*62 


. 

*05 ^ § 

Sum of the two 
resistances. 

Besistance of 
the atmosphere 
per square foot of 
frontage of train. 

14*6 

20*6 

4*84 

15 - 

21 *., ■■ 

5*06 

15 - 3 ' 

21*3 

5-29 

15*6 ’ 

21*6 

5*52 

16 * 

22 * ' 

5*76 

16*3 

22*3 

6 * 

16*6 

22*6 

6*25 

17 * 

23 * 

6-50 

17*3 

23*3 

6*76 

17-6 

23*6 

7-02 

IS- 

24 * 

7-29 

IS’S 

24*3 

7-56 

18*6 

24-6 

7-84 

19 * 

25 * 

8*12 

19*3 

25*3 

8-41 

19*6 

25*6 

8-70 

20 * 

26 * 

9 * 

20*3 

26*3 

9*30 


Note , — 'The correction for gravity on any given inclination is of course easily 
applied to the results of the formula. In cases of accelerating and retarding veloci- 
ties a correction MU be requisite, on account of part of the train being in rotatory 
motion.— (See Beport of Mr. E. Wood, page 248 of ^ Report of British Association,^ 
1841.) It is scarcely necessary to caution Engineers, that in applying the results of 
such a Table as the above for practical purposes, care must be taken that the circum- 
stances assumed, and necessarily so, in the formula suggested, coincide with the 
actual circumstances of the case to which it is sought to apply the formula.” 

For miles not in this Table, take the mean resistances between the two nearest mile- 
ages for the resistance due to the even miles per hour. Thus for a train of 18 tons 


at 21 miles an hour, and frontage 60 feet, take for 20 miles 


12*6 + 13-3 


for 22 miles 


==12'95 !bs. at 21 miles x 18 tons - 


ance. For atmospheric resistance we have 


233*l his. for friction and concussion resist- 
have = 1-105 X 60 ft. = 66-3 lbs.; 


= 16'631bs. per ton. 


For tenth parts of a mile, multiply the number of tenth parts of a mile by one- 
tenth the difference between the mean resistance found as above, and the next 
mileage, or by one-tenth of the difference between the nearest mileages when they 
are given consecutively. 

Taking the velocity 21*4 miles per hour and train 18 tons, as before, we have for the 


traitt22 miles - 


and for the atmosphere 

235-62 + 68*82 
= 16-9 


— for 21 miles x 4 + 12*95 
1*21-1*105 , 


= 13-09ibs.x 18tons=- 235*62 flbs., 


X 4 + 1*105 =-1*147 X 60 68*82 fts.; and 


16*9 ibs. per ton. 
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TABLE IV. 

Talk to facilitate tie Calculation of Remtances to Broad-gauge Locomotive Engines 
of the class of the Great Britain' (weighing about 50 tom)^ and IVahis, in fts. 
per ton, and in fts. per cubic foot of Bulk, on a calm day, on a level line in good 
order, with Engine, Tender, and Carriages, also in good working order, from 5 to 
75 miles per hour : calculated from Formula, page Cy34, based on the Indicator and 
Dynamometer Traction of the Experiments made by Mr. D, Gooch, on the Bristol 
and Exeter Railway. 


Miles. 

5 I 

6 

7 I 

8 

9 

10 
11 

12 . 
13 : 
H 
IS 
1(3 

17 

18 

19 

20 
21 
22 
23 

24' I 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 


Eesistance in per ton. 


lbs. 

6*33 

6-4 

6- 46 
6*53 
6*6 
6-66 
6'73 
6*8 
6-86 
0*93 
T 

7*06 

7*13 

7*2 

7*26 

7*33 

7- 4 
7’46 
7*53 
7*6 
7*66 
773 

7*86 

7*93 

8* 

8*06 

8*13 

8*2 

8*26 

8*33 

8*4 

8*46 

8*53 

8 - 6 
8*66 


S.2 

gSa 

js| 

5« IH 

^ S o 
5 oj 


tbs. 

‘090 

•129 

•176 

•230 

•291 

•36 

•435 

■618 

*608 

*705 

•81 

•921 

1*04 

1-166 

1*299 

1*44 

1-587 

1*742 

1*904 

2*073 

2*25 

2*43 

2*62 

2*82 

3*027 

3*24 

3*459 

3*68 

3*92 

4*16 

4*41 

4*66 

4*92 

5*19 

5*47 

5*76 


I.S 

I S . 

a 

'ass 

pC S 

Hon. 


tbs. 

6*42 

6-.539 

6*636 

6*76 

6*891 

7*02 

7*165 

7*318 

7*46s 

7*635 

7*81 

7*981 

8*13 

8*366 

8*559 

8*77 

8*987 

9*202 

9*454 

9*673 

9*885 

10*16 

10*42 

10*68 

10*957 

11*24 

11*51 

11*81 

12*12 

12*42 

12*74 

13*06 

13*38 

13*72 

14*07 

14*42 


Engine and 
Tender. 


o « 

SS *3 


7*5 

8 * 

8*5 

9* 

9*5 

10 * 

10*5 

11 * 

11*5 

12 * 

12*5 

13* 

13*5 

14* 

14*5 

15* 

1.5*5 

16 * 

16*5 

17* 

17*5 

18* 

18*5 

19* 

19*5 

20 * 

20*5 

21 * 

21*5 

22 * 

22*5 

23* 

23*5 

24* 

24*5 

25* 


fl-s -S 
P? si. 

o 


tt)S. 

•001 

•0014 

*0019 

•0025 

•0032 

'004 

•0048 

•00.07 

•0067 

•0078 

•oog 

•0102 

•0115 

•0129 

*0144 

•016 

•0176 

•0193 

•02U 

*023 

•025 

•026 

•0291 

•0313 

■0336 

*036 

•0384 

•0409 

*0435 

•0462 

•049 

*0518 

•0547 

•0577 

•O6O8 

•064 





Eesistance in ibs. per ton. 


u 



Atmosphere per 
ton of 180 cubic 
feet of bulk. 


Engine and 
Tender. 

s> . 

Atmosphere f 
cubic foot of 
bulk. 

Velocity, 

Friction and 
Oscillation. 

Total resistan 
of the carriag 
per ton. 

Per ton of 
their own 
weight. 

Per ton of 
the weight 
of the train. 

Atmosphere p 
cubic foot of 
bulk. 

tbs. 

Miles. 

ibs. 

lbs. 

lbs. 

tbs. 

tbs. 

ths. 

•0005 

41 

8*73 

6 * 0.5 

14*78 

25-5 

•0672 

•03362 

•00072 

42 

8*8 

6*35 

16*15 

26 - 

*0705 

* 03.528 

•00097 

43 

8*86 

6*65 

16-51 

26-5 

*0739 

•03699 

•00128 

44 

8*93 

6*97 

1 . 5*89 

27 * 

•0774 

•03872 

•00162 

45 

9 - 

7*29 

16-39 

27*5 

•081 

•0405 

*002 

46 

9*06 

7*61 

16*67 

28 * 

•0846 

•0 i 232 

•00242 

47 

9*13 

7*95 

17*08 

28*6 

•0883 

*04418 

*00288 

48 

9*2 

8*29 

17*49 

29 - 

•0921 

•04608 

•OOH 38 

49 

9*26 

8*64 

17*90 

29*5 

•096 

•04802 

•00392 

50 

9*33 

9 * 

18*33 

30 - 

•10 

• 0.5 

•0045 

51 

9*4 

9*36 

18*76 

30-6 

•104 

• 0.5202 

•00512 

52 

9*46 

9*73 

19*19 

31 - 

•1081 

•05408 

•00578 

63 

9*53 

10*11 

19*64 

31*5 

•1123 

• 0.56 IS 

•00648 

54 

9*6 

10*49 

20*09 

32 - 

•116 

*05832 

• 0072*2 

65 

9*66 

10*89 

20*55 

32-6 

•121 

•0605 

•008 

56 

9*73 

11*29 

21*02 

33 * 

•1254 

•06372 

•00882 

57 

9*8 

11*69 

21*49 

83*5 

•1299 

•06 198 

•00968 

58 

9*86 

12*11 

21*97 

34 * 

• 1.346 

•06728 

•01058 

69 

9*93 

12*63 

22*46 

34*5 

•1392 

•OC 962 

•01152 

60 

10 * 

12*96 

22*96 

85 - 

•144 

•072 

•01252 

61 

10*06 

13-39 

23*45 

36-5 

•1488 

•07442 

•01352 

62 

10-13 

13*83 

23*96 

36 * 

•1537 

•07688 

'01458 

63 

10*2 

14*29 

24*49 

36-5 

*1687 

•07938 

•01568 

64 

10*26 

14*74 

25-00 

37 * 

•1638 

•O 8 I 92 

•01682 

65 

10-33 

15*21 

25*54 

37*5 

•169 

•0845 

•018 

66 

10-4 

15*68 

26-08 

38 * ■ 

•1742 

•08712 

•01922 

67 

10‘46 

1 16*16 

26-62 

38*5 

'I 795 

•08978 

•02048 

68 

10*57 

16*46 

27*01 

■ - 39 * : 1 

•1849 

'09248 

•02178 

69 

10-6 

17*14 

27*74 

39*5 

•1904 

•09522 

•02312 

70 

10*66 ! 

17*64 

28-30 ! 

40 * 

•196 

•098 

•0245 

71 

10-73 

18*14 

28-87 

40*5 

•2016 

*10082 

•02592 

72 

10-8 

18*66 

29*46 

41 * 

•2073 

•10368 

•02738 

73 

10-86 

19*18 

30-04 

41*5 

•2131 

•10658 

•02888 

74 

10*93 

1971 

80-64 

42 * 

•219 

• 109.52 

*03042 

•0320 

75 

ir 

20*25 

31*25 

42*5 

•225 

•1125 


Note . — For miles and tenth parts of a mile, the resistance is found by multiplying 
the number of tenths by one-tenth the ditference between the two nearest mileages, 
and adding it to the resistance for the whole number. 

Thus for the train resistance for 61*3 miles per hour, take for 62 miles 23*96 — 

.5‘j_ 

23*45 for G1 miles an hour “ “jj x *3 4- 23*45 = 23*60 lbs. per ton; and in like 
manner for any other resistance. 
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TABLE V. 


Table of Gradients^ and Resistance per ton for each Gradient, 


Vertical Eise. 

Gravity due 
to incline, 
per ton. 

Vertical Rise. 

Gravity due 
to incline, 
per ton. 

Vertical Rise. 

Gravity due 
to incline, 
per ton. 

Batio 

per mile. 

Ratio 

per mile. 

Ratio 

per mile. 

One in 

Feet. 

Jbs. 

One in 

Feet. 

lbs. 

One in 

Feet. 

lbs. 

100 

52-80 

22-40 

74 

71-38 

30-270 

47 

112*34 

47-660 

99 

53-33 

22-626 

73 

72-32 

30*685 

46 

115-04 

48-684 

98 

53-88 

22-858 

72 

73-33 

31-111 

45 

117-33 

49-777 

97 

54-43 

23-092 

71 

74-36 

31-550 

44 

120*0 

50*908 

96 

55-00 

23-334 

70 

75*43 

32-000 

43 

122-78 „ 

52-092 

95 

55-60 

23-579 

69 

76-49 

32-464 

42 

125-71 

53*333 

94 

56-17 

23-830 

68 

77-64 

32-940 

41 

128*78 

54-634 

93 

56-77 

24*086 

67 

78'81 

33-432 

40 

132-00 

56-00 

92 

57-52 

24-342 

66 

80*0 

33*940 

39 

135*38 

57-436 

91 

58-02 

24-614 

65 

81-23 

34-460 

38 

138*95 

58-944 

90 

58-66 

24-888 

64 

82-50 

35-0 

37 

142-70 

60-540 

89 

59*33 

25*168 

63 

83-81 

35-555 

36 

146-66 

62-222 

88 

60-0 

25-454 

62 

85-16 

36-108 

35 

150-84 

64-000 

87 

60-69 

25-746 1 

61 

86-55 

36*720 

34 

155-30 

65*880 

86 

61-39 

26-046 

60 

88-00 

37-333 

33 

160-0 

67*880 

85-16 

62-00 

26-303 

59 

89-49 

37-966 

32 

165*0 

70-0 

85 

62-12 

26-353 I 

58 

91-03 

38*620 

31 

170-32 

72*216 

84 

62-86 

26*666 

57 

92-63 

39*298 

30 

176-00 

74-666 

83 

63-61 

26-988 

56 

94-28 

40*0 

29 

182-06 

77-240 

82 

64-39 

27-317 

55 

96-00 

40-726 

28 

188-56 

80-00 

81 

65-20 

27-718 

54 

97-77 

41-480 

27 

195-65 

82-960 

80 

66-0 

28-00 

53 

99-62 

42*264 

26 

203-06 

86-152 

79 

66-83 

28*355 

52 

101-53 

43-076 

25 

211-20 

89*60 

78 

67-69 

28-718 

51 

103-52 

43-920 

24 

220-0 

93*336 

77 

68-57 

29-090 

50 

105-60 

44*800 

23 

229-56 

97-368 

76 

69-47 

29-472 

49 

107-75 

45-716 

22 

240 

101-816 

75 

70-40 

29-867 

48 

110-00 

46-688 

21 

251-43 

106-666 


TABLE VL 


Table of the Number of Revolutiom of the Bribing Wheels^ or double Strolces of the 
Piston, per minute^ at the following gwen Speeds, 


Kevolutions of Wheels, 

or double Strokes of the Pistou, per Minute, 




DIAMETERS OP 

DRIVING WHEEIS. 



Miles 

4 ft. 

4ift. 

6 ft. 

5^ ft. 

6 ft. 

d^ft. 

7ffc. 

7^ ft. 

8 ft. 

per 

hour. 

No.: 

210*18 

245-21 

280-24 

315-27 

350-301 

385-33 

420-36 

455-39 

490-42 

525-45 

560-48 

. No.^ 
189-54 
221-13 

1 252-72 
284-30 
315-90 
347-49 
379*08 
416-67 
442*19 
473-85 
505*50 

No. 

168-18 

196*21 

224*24 j 

252*27 

280*30 

308*33 

336*36 

364*39 

392*42 

420*50 

448*48 

i No. ' 
152*85 
177-29 
203*76 ' 
229-23 
254-75 
280*17 
305-64 
331-11 
356*58 
372*05 
407-60 

140-04 

163-33 

186-72! 

210-06 

233*40 

256-74 

280*5 

303-42 

326-76 

350-10 

373-44 

No. 
129-30 
150*85 
172-40 
193-95 
215-50 
237-05 ! 
258-6 S 
280-15 
301*70 
323*25 
344-80 

1 '.. No.' 

120 

140 

160 

180 

200 

220 

240 

260 

280 

300 

320 

No. 

112-02 
130-69 
149-36 
: 168-03 

I 186-70' 
205-37 
224-04 
242*71 ! 
261*38 
280*05 
298-72 

No. ■ 

105 

122-5 

140-0 

157-5 

175-0 

192*5 

210-1 

227*5 

245 

262-5 

280 

No, 

30 

35 

40 

45 

50 

55 

60 

65 

70 

75 

80 



r 
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TABLE m 

Table of the RemiUs of mrious Experiments, shewing the Resistance to Trains of 
different Weights and at different Velocities, in all cases where such velocities have 
been uniformly mamtamed in calm weather, on Lines of uniform inclination, and 
free from sharp curves; the road and carriages being in good working order. The 
resistances are meamred either by the effect of gravity m inclined planes, or by 
the difference of pressure on the travelling piston of the Atmospheric Railway 
apparatus, except in two eases marked with a in which the resistance is indicated 
approximately by the effect theoretically due to steam generated and made use of 
under known conditions in a Locomotive Engine, 


No. of 
carriages. 

Uniform velocity 
maintained in 
miles per hour. 

Weight. 

Besistance in 
lbs. per ton. 

Resistance in 
lbs. per ton, as 
Formula. 

Wind. 

No. of 
carriages. 

Uniform velocity 
maintained in 
miles per hour. 

Weight. 

Resistance in 

tbs. per ton. 

■ 

2*1 

I'l 

Wind. " 

No. 

2 

Miles. 

14 

Tons. 

9* 

fts. 

12*6 

lbs. 

13*9 


No. 

6 

Miles. 

34 

Tons. 

30*4 

lbs. 

25-0 

lbs. 

23*1 

l^carly calm. 

2 

14 

9- 

12*6 

13*9 


4 

34 

18*05 

23*4 

27*2 

Favourable. 

4 

16 

20*5 

8*5 

13*2 


6 

35 

21*5 

22*5 

26*1 

Calm. 

8 

19 

4075 

8*5 

12*9 

>? 

E.T.&9 

36 

64* 

22*5 

22*4 

»» 

8 

20 

40*75 

8*5 

14*1 


4 

37 

20*4 

25*0 

28*4 

Favourable. 

4 

21 

18* 

12*6 

16*7 

ft 

3 

39 

24*0 

30*0 

31*0 

» B. 

4 

21 

18- 

12*6 

16*7 

if 

E.T.&13 

45 

111* 

30*3 

24*9 

Nearly calm.t 

4 

23 

20*5 

12*6 

17*5 

ff 

E.T.&3 

46 

54* 

30* 

27*5 

Light, fav. B. 

8 

25 

40*75 

12*6 

16*6 

V 

3 

47 

31*75 

33*7 

33*1 

Light, against. 

8 

26 

40*75 

1,2*6 

17-1* 

If 

6 

50 

30* 

32*9 

35*3 

Calm. 

8 

27 

40*75 

12*6 

17-7 

if 

5 

53 

25* 

41*7 

42*1 

■ It ' 

4 

31 

15*6 

23*4 

25*4 

a 

5 

55 

26* 

36* 

43*5 

Light, against. 

4 

32 

14*5 

22*5 

27*2 

Calm. 

E.T.&6 

55 

93* 

41*3 

31*6 

Calm.tB. 

E.T.&6 

33 

44* 

22-5 

22*7 

n ' ■ 


61 

21*5 

52*6 

54*8 

tf 




Note.^B. T. signifies tlmt these experiments were made with an engine and tender in front. All 
the others were made with carriages only. 

* Space between carriages made np with stretched canvas. B. Experiments on broad gauge. 
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TABIE VIIL 

T'tthle shewing the Resistance caused by the Blast Pipe iw fts. and per cent, of the 
Total Pressure on the Piston at various Pressures and Velocities^ as taken from 
the cylinder of the * Great Britain^ {broad-gauge) locomotive engine^ by Indicator^ 
during the Expenments made by Mr. D. Gooch for the Railway Commissioners. 
(See Table III.) Mo the Back Pressure^ calculated by the Formula Y x E 
X *00001, 540. Driving wheels 8 feet diameter, cylinder 18 inches diameter 

and 24 inches stroke. Orifice of blast pipe 5 inches diameter. Steam ports 
13 X 2 = 26 inches. Lead of slide valves i inch fallf fitted up with expansion 
gear. Exhaust port 13 x S g- = 45 1 inches. 


Experiments with Engine and Tender 50 Tons, 
Train 100 Tons = 150 Tons. 

Experiments with Engine and Tender 50 Tons, 
Train 50 Tons — 100 Tons. 


From Indicator Cards. 

By Formula. 


From Indicator Cards. 

By Formula. 

Velocity per 
hour. 

Mean pressure 
on steam side of 
the piston. 

Mean pressure 
on blast-pipe side 
of the piston. 

Ratio per cent, 
of back pressure 
to total pressure 
on the piston. 

Back pressure by 
formula. 

' 

Velocity per 
hour. ' 

Mean pressure 
on steam side of 
the piston. 

Mean pressure 
on blast-pipe side 
of the piston. 

Ratio per cent, 
of back pressure 
to total pressure 
on the piston. 

Back pressure by 
formula. 

Miles. 

tbs. 

lbs. 

Per cent. 

tbs. 

Miles. 

lbs. 

tbs. 

Per cent. 

lbs. 

13‘1 

19-1 

2*27 

11*88 

1*7 

19*8 

19*31 

1*31 

6*78 

2*02 

19-4 

25*7 

1*9 

7*39 

2*89 


18*85 

1*52 

8*06 

1*96 


24*95 

2*38 

9*53 

2*78 


18*52 

1*86 

9*98 

1*92 


23*91 

2*45 

10*24 

2*62 

21*8 

.30*2 

3*79 

12*65 

3*78 


22*87 

2*06 

9- 

2*46 


26*75 

3*76 

14*02 

3*17 

19'8 

19*75 

1*91 

9*67 

2*07 


22*87 

3*91 

17*09 

. ,2*57' 


25*39 

2*06 

8*11 

2*86 


20*5 

3*95 

19*27 

■2*25 V 


24*27 

1*64 

6*34 

2*69 

24*7 

19*87 

1*68 

8*15 

2*24 


24*33 

2*29 

9*41 

2*70 


18’ 

1*6 

8*33 

2*08 

19'8 

24*68 

4*33 

17*63 

2*74 


19*7 

1*6 

7*51 

2*27 


24*.33 

4*5 

18*6 

2*70 


19*o6 

1*55 

8*13 

2*20 

2()'2 

11*7 

2*29* 

19*57 

1*30 

40*1 

44*91 

6*58 

14*63 

8*02 


25*29 

1*79 

7*07 

2*88 


47*08 

7*79 

16*54 

8*6l 


24* 

1*95 

8-12 

2*67 


46*87 

7*62 

16*25 

8*57 

21*1 

23*95 

2*05 

8*56 

2*70 

42*3 

30*79 

6*95 

22*57 

4*79 


23*85 

2*39 

10- 

2*68 

43*9 

30*27 

4*63 

16*3 

4-;6 


21*43 

2*0 

9*33 

2*34 


31*83 

5*05 

15*86 

5-06 


20*83 

2*13 

10-22 

2*26 


29*62 

4*33 

14*61 

4-64 

44*1 

57*72 

10*3 

17*84 

12*28 

44* 

34*18 

S*6l 

16*41 

5*55 


58* 

10*87 

18-74 

12*38 


27*41 

5*37 

19*59 

4*52 


69* 

10*72 

18-17 

12*74 


28*25 ,, 

6*14 

18*10 

4*39 


60*2 

10*82 

17*07 

13*18 

61*2 

43*19 

9*71 

22*48 

8*03 

45*3 

55* l6 

15*20 

27*59 

11*43 

58* 

49*6 

11*56 

23*3 

10*17 


47*66 

24*37* 

51*13 

9*03 


62*22 

12*29 

23*53 

11 * 

45-6 

68*85 

11*37 

19*32 

12*75 

69*2 

68*85 

18*37 

31-21 

13*34 


67*27 

11*87 

20-72 

12*18 


69*41 

14*74 

24*81 

13*53 


i 34*77 

5*87* 

16*88 

6*74 


63*14 

! 17*18 

27*2 

14*97 

56*6 

79*4 

22*5 

28*33 

22*08 


66*20 

i' 18*7'' ' 

28*25 

16*2 


1 80*6 

21*9 

27*17 

22*66 


65*08 

18*95 

29*11 

' , 15*75 ■ 


81*1 

21'6 

26-63 

22*92 

62*4 

40*62 

11*45 

28*18 

. 7*B4 ■ 


77-52 

23* 

29*67 

21*15 


37*68 

8*87 

23*54 

7*32 

57‘4 

60*87 

14*81 

24*33 

14*02 


38*62 

8*52 

22*06 

7*35 


57-93 

14*46 

24*94 

12*93 







i 68*09 

12*47 

21*47 

' 13 * ' 







54*95 . 

14*64 

26*46 

11*89 







* Priming or slipping when card was taken. 


Note, — ^A more condensed Table of the mean resistances for each velocity would 
have given fair averages with fewer variations than by giving them all separately. 
As, however^ they were taken under all the changing circumstances from calm to 
stormy weather— from velocities of 13 to 62 miles an hour — slipping — when 
priming was observed, and probably also when it was with other contingencies 
not observed, they fonn a valuable record of the practical variations taking place in 
a locomotive cylinder. It will be observed that, as a whole, they follow nearly the 
general law of the formula. 
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SECTION III. — QUALIFICATIONS Of ENGINE EBIVERS ANB FIRE-MEN.'^ 

Each engine-man, before going out with Ms train, must procure from his 
foreman's office a train and coke and mileage ticket, to be filled up by Mm in the fol- 
lowing manner : First, the exact time at which the train is started ; second, the num- 
ber and description of the carriages in the train *, and upon arriving at the end of his 
trip, he must enter the time of his arrival, with any remarks he may have to make 
upon his trip, such as being assisted hy another engine, how far assisted, and, if late, 
the cause of the delay. 

On the coke and mileage ticket he must enter the number of trips he runs, the 
names of the stations between which they are run, and the number of miles; also the 
time his engine stands as a pilot. On this ticket must also be entered the weight of 
coke he receives during the day, attested by the signature of the coke-man where it is 
received; the engine-man, in turn, signing the coke-man's book for the quantity he 
received. Great attention should be given that these tickets are properly filled up, as 
they exhibit very accurately the performances of the engines, when carefully made 
up by each engine-man. Neglect of proper entries should be punished hy a small fine. 

Time hill. — Every engine-man must take his time table with him, and regulate by 
it tbe speed of Ms engine as he proceeds; the great object being to keep the train 
going at the speed required, from which he should vary as little as possible, in order 
that he may arrive at all the stations as punctually to the time as is practicable. 

Whistlesj when to he The whistle is intended to he used as a signal of atten- 

tion or of danger, and it must be sounded on approaching stations, level crossings, 
and tunnels ; also, during a fog, snow-storm, or violent rain, it must be sounded every 
quarter of a mile, and likewise for warning any persons wbo may be on the line of the 
approaching engine and train. On lines where only one whistle is used, three short 
sharp whistles, rapidly repeated, is the signal for danger; on other lines, a better de- 
scription of guard’s whistle is used, with a deep tone. 'When either of these signals 
is made, the guard must immediately apply his brakes, and do all he can to stop the 
train. 

Water and The engine-man must take his engine to the water crane, have 
his tender filled with water, and receive as much coke as will carry Mm to the next 
watering and coking station. He must not pass one of these stations without renew- 
ing his supply of both coke and water, if he requires it. When steam is blowing olf, 
the hot water cock should be turned on to heat the water in the tender, and he must 
have a full boiler, and a good fire, before he goes to the train. 

Lamps . — Before dark, or in the evening before it is dusk, or in a fog, the engine- 
man must see that his lamps are lighted and properly fixed in their places ; and if he 
should have to go out without a train, then he must fix a red lamp behind the tender. 
Should he he on the line, through any unforeseen cause, without his lamps, he must 
procure some from the first principal station he comes to. 

Going to train . — The engine-man having assured himself, by a careful examination, 
that his engine, lamps, tools, and spare stores are all in good order, and obtained his 
train, coke, mileage and time tickets, must cross over to the main line, in front of the 
train, five minutes before the time of starting, unless ordered otherwise hy some supe- 
rior officer. 

Great caution must he used in placing the engine against the train, which should 
be done without moving a single carriage, in Order to guard against injury to any 
passenger who may be in the act of stepping into a carriage at that moment. 

Guards' orders. — Every engine-man vrill he under the orders of the fiirst guard of 
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the train in all matters affecting the starting, stopping, or the movements of the train. 
In cases of accident, he must, if required, disconnect his engine, and proceed for 
assistance as he may be instructed by the first guard. He must also give both his 
advice and assistance to the guard in every way he can in all cases of accident, and 
generally obey promptly all orders or signals given to him, whether by station masters 
or the first guards, so far as the safe and proper working of his engine will admit. 

Engine standing. — While the engine is standing still, whether before starting, or at 
a station, or on the line, for however short a time, the slides must always be thrown 
out of gear, the steam shut off, and the tender brake screwed tight on, until the sig- 
nal be given for starting. The engine-man must be very careful to start, and stop, 
steadily, without jerking the train, and not shut off the steam too suddenly (unless in 
cases of accident), so as to cause a concussion of the carriages, or waggons, to the 
risk of passengers, and, in cattle trains, to the injury of the animals. He must at no 
time leave his engine without seeing the above rules strictly complied with, and then 
not without placing the engine in charge of his fire-man. 

Persons on tender. — Except the proper engine-man and fire-man, no person is 
allowed on the engine or tender without the permission of the Directors or one of the 
superior ofiScers of the Company, or, in case of need, during the journey, by direction 
of the first guard of the train. 

Starting the /rnm.— Every engine-man, on receiving the signal from the first guard 
to start the train, must sound his whistle before turning on the steam j then 
place himself by his hand gear, and very carefully and gradually open the regulator, 
to prevent jerking of the carriages, slipping, priming, or other injury to his engine. 
When the engine has got into speed, he must then regulate the travel of his slides, 
according to the. load, and open the regulator to that point, determined by experience, 
where the generation and consumption of steam take place with greater effect and eco- 
nomy than when the regulator is full open. Nothing should induce the engine-man to 
use steam of a higher pressure than is allowed by the locomotive superintendent. 

Water in the cylinders. — The condensed steam in the cylinders must be allowed to 
escape by the steady and gradual opening of the regulator and likewise of the cylinder 
cock, as the sudden opening of the regulator is liable to break: the piston or cylinder- 
cover joints, when there is water in the cylinders. 

When priming takes place from the boiler, the steam must be partly 
shut off, and the fire door opened, which will generally stop it. But if it arises from 
the boiler being too full, the feeds must be shut off, to reduce the water to its proper 
level. When the boiler is not too full, the feeds must not be shut off, in order to save 
the tubes and fire-box, which would thus become exposed from the rapid waste of 
water by the priming, if such waste was not kept up by the feeds. 

Slippmg.-~^W\im. an engine begins to slip, the steam must be nearly all shut off, 
and carefully regulated until slipping ceases. Engines should have two sand-boxes, 
which should then be opened, that equal bite may he given to both driving wheels 
from the sand dropping on the rails. When slipping ceases, the slides of the sand- 
boxes must be shut off, and the regulator gradually opened to its proper place. A 
third sand-box is used for hacking a train with. 

Feeding ‘Water. — ^The supply of water to the boiler must be carefully regulated so 
as to keep both feeds on at an uniform rate all the way, thereby keeping the boiler at 
a proper and equal level, for the more rapid and regular generation of steam. When 
near the end of a trip, the feeds may he gradually increased as shall he required to 
fill up the boiler, before arriving at the station. The feeds should at no time he too 
suddenly opened, as doing so is very liable to break the clacks. 

-Coke must, as far as possible, he put on the fire at such places as do not 
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require the full power of the engine. The steam must be partly shut off when cohe 
is put on the fire, as, when the steam is full on, the strong draft carries the coke up 
against the tubes, and is liable to choke them up. When approaching the end of the 
trip, the small coke must be used, and the fire allowed to burn as low as will take 
the train on to the station safely. 

Attention to Signals , — Every engine-man must keep a good look-out, as he moves 
forward, for any signals, either from the police or from any other person, or for any 
indication of danger made to him, or which he may observe himself,— all which he is 
responsible for seeing and immediately attending to ; and he must obey any signal 
made by a police-man, or gate-keeper, even if he should see reason to think such sig- 
nal unnecessary. The lives of the passengers are intrusted to his care, and it is fully 
expected that he shall not only attend to every signal given him, and to all his 
instructions, hut also that he will, on all occasions, be vigilant and cautious himself, 
not trusting entirely to signals for safety. {See article ‘ Railway.’) 

Hand-flags in windy weather are a very had signal, painted hoards being much 
better, as they always shew their Ml size, wMlst the wind not unfrequently makes 
the hand-flag appear a mere line. 

Waving a white light violently is also a signal of danger, when a red light is not to 
be had. Fog, night, and tunnel signals are made by lamps and detonators ; Day sig- 
nals by police-men, hand-flags, painted hoards, and high-mast signals. As signals 
vary on different lines, each engine-man is supplied with a set of the Rules and Regu- 
lations of the Company he is employed by, describing the particular signals used, and 
which must be strictly attended to on every occasion. 

Fire-men* s Fire-men are to he entirely under the orders of the engine-men 

while on duty. If the engine-man is engaged with any part of the engine, the fire- 
man must keep on the look-out, and act for the engine-man, and they must never 
both leave the engine at the same time. The fire-man must at all times stand up and 
keep a good look-out, when not otherwise engaged in attending to his other duties ; 
and he must, each mile, look back along both sides of the train, to see that all is 
right, and that the guards are not signalling by hand or lamp to the engine-man. 
When the fire-man is so engaged that he cannot look back, he must warn the engine- 
man, who will then do so himself. The fire-man must also be ready, at all times, at 
a signal from the engine-man, to go to the brake, and, when approaching any station 
where the engine is to stop, or observing any obstruction on the line, or seeing any 
signal intimating danger or caution, it is the duty of the fire-man, without waiting for 
orders, to go to the brake, and to warn the engine-man instantly. Should the engine- 
man he rendered incapable of doing his duty, whether by accident or otherwise, the 
fire-man is to take the management of the engine until another driver can he 
obtained, proceeding with caution, and reporting the circumstance to the first guard 
at the earliest opportunity. 

Guards* signals . — Guards should regularly signal to the engine-man that all is 
right ; hut if any thing is wrong, they must give the caution or danger signal. The 
usual signal from the engine-man to the guards is by three short sharp whistles on 
some lines ; on others, by a deep-toned guard’s wMstle,— an excellent plan, prevent- 
ing the liability of any mistake whatever in the use of the whistles. On this signal 
being given, the guard must instantly signal that it is understood, to the fire-man, 
who must look hack immediately the signal is given by the engine-man, to observe 
which signal the guard gives. This signal and answer must be made within the first 
half mile after starting with a goods train, and every two miles afterguards by the 
guards on the journey. With passenger trains, this signal must be made every mile 
on tbe journey ; the whistle being used only in cases of need. 
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Engine-men s signals. Engine-men must also signal one another 'when on the road, 
by standing on the right-hand side of the engine, so as to be next each other in pass- 
ing, and must always do so with the same signals as those used on the line, to indicate 
wdiether the line they have passed is clear, or whether there is a train ahead, or any 
other cause of danger existing. 

All trains to be drawn . — No engine must pass along the wrong line of road, nor 
be allowed to propel a train of carriages or waggons ; but in all cases it must draw 
the train after it on the right road, except in case of an engine being disabled on the 
road, when the succeeding engine may propel the train slowly as far as the first 
‘ shunt’ or siding, at which place the said propelling engine shall move past and take 
the lead. In case of the road becoming stopped, when it will be unavoidably neces- 
sary for an engine to go back on the wrong line, the engine-man must send his fire- 
man, or some other competent person, back a distance of not less than half a mile 
before his engine moves, to w^arn any engine coming in the opposite direction ; and 
the person so sent back must continue to preserve the distance of half a mile between 

him and the engine, until it gets into the right line again. 

Mstance between mgmes.---K^ engines travelling on the same line must be kept 
at least two miles apart, unless expressly required to join on to the preceding train or 
engine, which the engine-man shall approach with the utmost caution. Such a step 
can only be justifiable under a pressing necessity. 

Two engines worMng When two engines are working together, the 

second engine-man must watch for and take his signals from the leading engine-man ; 
but should the second engine-man discover any thing wrong with the train, he must 
blow his w'histle to warn the first engine-man, that the two engines may always check 
and stop together. Engine-men with trains requmng assistance, must In all cases, 
with passenger trains, allow the assistant engine to go in front, and also with goods 
trains, where practicable. 

Tart of train detaehed.---Vlhen any part of a train is detached, while in motion, 
care must be taken not to stop the engine or train in front before the detached part 
is stopped, no matter whether it has become detached intentionally or by accident, to 
prevent a dangerous collision with the carriages in front, should the latter stop first. 
Whenever an engine-man finds his engine disconnected from the train by accident of 
otherwise, he must keep his engine ahead, clear of the train altogether, and in no case 
pull up his engine until the train has been stopped by the aid of the guards’ brakes, 
when he can move backwards, and couple on to the train in the usual way. 

It is the duty of the guard of any intentionally detached part of the train to apply 
thebrake so as to stop at the proper place. 

Passing siatzons.-^merj engine-man must be careful when he passes a station, or 
when the road is under repair, to proceed slowly and cautiously j and he must also 
do so whenever he sees a green signal He must on no account pass a red signal, 
or any other which he understands to be a signal to stop, hut bring his engine to a 
stand close to that signal. 

stopping at tJw proper station.— m engine or train of any sort must stop at any 
but the appointed stations, except only when a signal is given ; or in case of accident 
to any part of the engine or train; or when, in the judgment of the engine-man, it is 
necessary to prevent accident or collision. 

Caution in stopping Engine-men, in bringing np their trains, must pay 

particular attention to the state of the weather, tlie condition of the rails, the length 
of the train, and whether on a level, an ascending or descending incline, in determin- 
ing when to shut off the steam, so as to reduce the speed in proper time, and enable 
them to have the train so completely under their command as to stop altogether, if 
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necessary, before reaching the platform. Stations must not be entered so rapidly as 
to require a violent application of the brakes, and the use of the carriage brakes must 
be avoided as much as possible. 

Running on main line. engine must ever be moved from any of the stations 
on to the main line, except when the engine-man is proceeding, at the proper time, 
to take his place in front of the train. When on the main line, he must never run 
beyond the limits fixed at each station, without a regular order, filled up and 
signed by the proper foreman; and he must strictly follow the instructions con- 
tained in such order, both as regards the time of starting and the place and time of 
returning. 

Standing on main line, — -Ko engine must be permitted to stand on the main line 
(except under very special circumstances) when not attached to a train; and no 
engine-man must leave his engine or train, or any part thereof, on the main line, 
unless there be a competent person in charge to make the necessary signals: neither 
must any engine cross the line of railway at a station without permission, or run 
tender foremost, without the orders of the locomotive superintendent, or from 
unavoidable necessity. 

EXTRA TRAINS. 

Signal for eoctra train. — Whenever a red board, or flag, by day, or an extra red 
lamp by night, is earned on the last carriage or waggon of a train, it is an indication 
that a special or extra train is to follow, that the road and stations may be kept clear 
for it. 

On single To avoid risk of collision on single lines, from the meeting of 
another engine, no extra engine, with or without a train, must be allowed to pass 
along the line without previous notice. 

LUGGAGE TRAINS. 

Approaching stations. — Engine-men with luggage trains must approach all stop- 
ping places at a speed not exceeding 12 to 15 miles an hour when within a quarter of 
a mile of the stopping place ; and, when necessary, they must signal the guards or 
hrakes-men before they apply the tender brakes. 

Uncovered waggons.^En^me-men must refuse to take up luggage waggons if they 
contain any goods of a nature to take fire from a spark falling amongst them, unless 
they are properly covered and tied down. 

Goods trains into sidings. — Engine-men of luggage trains must not pass any siding 
or crossing when there is a passenger train coming in the same direction, due within 
fifteen minutes, but must remove from the main line to the siding ; and generally all 
luggage, coal, and ballast trains must give way to passenger trains by going into the 
nearest sidings. 

REPAIRING ROAD. 

Ballasting. — When any ballast train shall stop on the main line to load or unload 
ballast or other materials, the engine-man must send a hallast-man hack, at least a 
mile, with a red signal flag, or hoard, by day, or a red lamp by night; and the man 
must stand there, on the look-out, until the ballast train has moved off ten minutes, 
and stop any coming engine or train, and inform them of the position of the ballast 
train. No ballasting permitted in foggy weather, unless by a special order, or under 
the most urgent circumstances. 

Caution for repairs. — When repairs of the road are going forward, and persons 
employed on the permanent way have the use of the road, a signal of danger may be 
given by those persons, either by a red flag or a red lamp ; and on observing this sig- 
nal the engine-man must immediately stop the train. 

Train of empties. — Engines running alone, or with a train of empty carriages or 
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■waggons/ must not exceed a speed of 25 miles an liour without special orders in each 
case, or from urgent necessity. 

ACCIDENTS. 

Stoppages.-— In case of any accident to the engine or train, causing a complete stop- 
page, the engine-man, after giving such directions to his fire-man to open the fire 
door, rake out the fire, or otherwise, as may be necessary for the safety of the engine, 
must immediately seek the first guard of the train, and communicate with him, and 
receive his directions; and in the absence of the first guard, the engine-man must 
himself ascertain whether the engine and train are clear of the opposite line, and of 
any train passing upon it, and, if they do not appear quite clear, remove the passen- 
gers from the carriages. He must also send back a guard or his fire-man, or a special 
messenger, to the next police-man, to stop any trains coming up. If dusk or dark, he 
must see that the carriage lamps in front, and his engine lamp, all shew red lights 
forward, and the tail lamps, as usual, shew a red light backwards. 

Hand pump .— through any accident, an engine has to stand with steam 
up, the hand pump must be worked, to keep up the water in the boiler, the fire door 
opened, the damper shut, and other means used to prevent, as far as practicable, the 
generation of steam. 

Betomting signals . — ^Every engine-man should be supplied with detonating signals, 
w’Mch he is responsible to have always ready for use when on duty. When a stoppage 
occurs in foggy weather, or at night, one of these signals must be placed on the rails, 
every 200 yards, until the guard, fire-man, or messenger has gone back a mile at 
least; and at the end of that distance, two of them must be placed on the rails. 
W^hen any such accident happens in a tunnel, the engine-man should, if required, 
occasionally hold down the steam valve, to prevent the noise, and allow orders to be 
given and heard more readily. If dark, and without a red lamp or detonating signals, 
the man sent back must make a signal by waving his light up and down violently. If 
by day, he must signal with the red fiag, or board, or hands, and must in all cases 
remain until relieved by a police-man, or the obstruction has been removed. 

Both lines stopped , — Should the accident stop both lines of rails, then the same 
precautions must be taken to place the signals on the opposite line of rail to that 
which the train is on, but in a contrary direction, so that both lines of rails may be 
protected for at least a mile from the place of obstruction. 

Train Should fire be discovered in the train, the steam must instantly be 

shut off, and the train brought to a stand. The signals of obstruction or stoppage 
must then be made to protect the train, and the burning waggon, or whatever it may 
be, detached with as little delay as possible. Every means must then be used by the 
guards and engine-man to put out the fire by water from the tender, or by other 
means, as the necessity of the case may require. No attempt must be made to reach 
the nearest water crane, if it is more than 800 yards from the place where the fire is 
discovered, as such a course is likely to increase the damage. 

Burst tule . — If a tube bursts badly, the steam and feeds must both be shut off, 
and the engine stopped as quickly as possible. A tube plug must then be driven into 
each end of it, and the boiler filled by the hand pump. As soon as water is seen in 
the glass, the fire can be got up again, and the hot fire-box will assist in doing so 
more quickly. As soon as the steam is up, the engine will be enabled to move on 
again. In most cases it will not be necessary to stop the engine, as the fire-box end 
can be plugged up when running, and the other end can be plugged at the first stop- 
ping station, without delaying the train. 

Road ohscured . — When the road is obscured by steam (from a burst tube or any 
other cauB^), no approaching engine must pass through the steam or smoke until the 
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engine-man lias ascertained that the road is clear* If any engine-man see a train 
stopped or stopping from accident, or other cause, on the opposite line of railway, he 
must immediately slacken his speed, so that he may pass such train slowly, and stop 
altogether, if necessary. He must then ascertain the cause of the stoppage, and report 
it to the next station. He must also, if necessary, stop all the trains between the 
spot and the next station, and caution the engine-men of the stoppage. He must 
also render every assistance in his power in all cases of necessity and of ditSculty. 

BroJcen e/a A.— -Should a pump or feed pipe give way, one pump is generally aufii- 
cient to keep up the boiler; but should that one fail also, the engine must be stopped, 
and the clacks examined. The engine-man will know by his pet-cocks whether it is 
a top, middle, or bottom clack that is faulty. If a bottom or middle clack, the nut 
must he unscrewed, the broken clack taken out, one of his spare clacks put in, and the 
nut screwed on, when he will be ready to start his engine again. If it is the top 
clack, it can only he repaired when the steam is not up; hut, unless the middle clack 
is also had, the pumps will still w^rk to keep up the water in the boiler. 

Br ohm spring . a spring breaks, it will seldom be necessary to stop the 
engine until it reaches a station, when the side can be raised by moving the other 
wheels of the engine on to the two wedge-shaped bars, to be laid flat on the rails, 
which takes the weight otf the wheel where the broken spring is, and allows it to be 
blocked up by one of the wooden wedges : the engine can then be moved off the bars 
and proceed with the train. The same operation may be done by the screw-jack, 
but the first causes least labour. J 

Broken macMnery.'-^k railway locomotive is made up of two complete engines 
working separately, but both attached to a double crank-axle ; therefore, whenever a 
cylinder-cover, piston, connecting rod, eccentric rod, quadrant, slides, or any other 
working part of the engines gives wmy on the road, which stops the working of one 
engine, the engine-man must immediately stop, and remove the broken parts or rods, 
so as to leave the other engine cleai* of all obstruction. He must then disconnect the 
slide of the broken engine, and adjust it so as to cover both the steam ports, where 
he must secure it by tying, if he has no other resource at hand. The best way of 
fixing the slide is by a set-bolt, fitted into the outside of the slide-rod guide, being 
screwed tight up against the slide rod. A set-pin can also be used when a syphon 
cup is screwed on the guide, by taking off the syphon and introducing a screw of the 
same thread. When this is done, the engine will be able to proceed, working one 
cylinder only. Should the boiler have been pierced by any of the broken rods, the 
fire must be immediately drawn, to save the fire-box and tubes, and a competent per- 
son sent for the requisite assistance to remove the engine and train. 

Working with one engine . — Whenever the engine-man has only one engine in work- 
ing order, he will still be enabled to proceed with a light or ordinary train to the first 
pilot station, where the pilot engine will proceed with the train. Should the train be 
too heavy, he must consult the first guard whether to proceed with part of it, or not, 
for assistance, and be guided by his instructions. 

Brokm slide . — When the slide or slide rod breaks within the steam chest, the 
engine must be stopped. If the slide is on the front side of the steam ports, and the 
exhaust port open, it should be pushed hack through the front slide-rod gland, so far 
as to cover the ports. When there is no front slide rod, hut a set-bolt in the steam- 
chest cover, by taking out the holt, the slide can he moved through that hole also ; 
and if the slide is on the back, and the exhaust port open from the front of the slide, 
it should be pushed forward through the slide-rod gland until it covers both ports. 
When impracticable to cover all the ports, from a bad regulator or other cause, or 
keep the slide over the ports, the connecting rod must he taken of, and the piston 
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blocked, to prevent its moving by the pressure of tbe steam against it; when the 
engine-man can proceed with one engine, as before. 

Hot connecting rod hearing » — When the large end of the connecting rod becomes 
very hot, the bearing and the crank then adhere to each other at the surface, and at 
each turn of the crank it tears away the solid metal, to the great danger of breaking 
the straps, keys, or even the rod itself, and thus leading to most extensive damage to 
the slide motion, piston, and cylinder, if not to the boiler also. When it cannot be 
cooled while running, by throwing water upon it, and using oil and tallow to prevent 
adhesion of the metals, the engine must be stopped, the rod taken off, the slide fixed 
over the ports, and the engine-man can then proceed, according to circumstaucesf 
wnth one cylinder, as before, until relieved by the first pilot engine. In most cases, 
the engine-man, by reducing his speed, and carefully cooling and oiling the hot bear- 
ing, will be enabled to j)roceed until he comes to a stopping station. If by this heat- 
ing, or by any other means, an eccentric becomes loose, it must be shifted back to its 
place as marked on the axle, and screwed fast again. 

Hot asfle^hearing, — ^When an axle-bearing becomes very hot, the train must be 
stopped, and the box cooled by water from the tender. The oil or grease-holes must 
then be cleared, and the box filled up with tallow and oil, which, by renewing at each 
stopping station, will usually carry the engine, tender, or carriage, safely to the end 
of the trip. However, should the means used to cool the bearing not succeed, the 
engine-man must stop at the first pilot station, and allow the pilot engine to take his 
train. 

In most cases, it will not even be necessary to stop the train until it reaches a 
station, when the bearing can be cooled, and the box filled as above. 

Brolcenleading ancle, — When a leading axle breaks, the engine must be stopped, the 
fire drawn, and assistance obtained to clear the road and forward the train. If the 
engine is off the rails, the first object is to clear the way for the train to proceed, the 
engine being got on afterwards. 

Going off the rails, — When both engine and tender are thrown off the rails, it is a 
work of time to get them on again ; and the fire must be dropped, and water run off 
to lighten the engine and save the boiler. Assistance must then be obtained to clear 
the line, if obstructed, and to forward the train to its destination. After this has been 
done, the engine and tender must be separated, and got on to the rails separately, by 
raising them, by means of screw-jacks, until a temporary railway can be laid from 
under the wheels on to the main line. By this means they may be gradually drawn 
or pushed on to the road again, according to the position they are placed in. 

BroJeen cranh. — When a crank-axle breaks very badly, the engine must be stopped, 
the connecting rod taken off, and the slide fixed over the ports. If it is broken at 
the side of the bearing for the connecting rod, and the stay bearings are good, the 
engine-man will still be able to go on with the train, if a light one; or seek assistance, 
if it is a heavy one. If the crank is so broken that the other engine cannot work, 
then the fire must be drawn, and assistance obtained in the usual way. 

Broken trailing ancle, — When a trailing or hind axle breaks, the engine must be 
stopped, and the springs and axle-boxes blocked up, so as to keep the wheels as up- 
right as possible. The ends of the axle must then be suspended at a proper height to 
the foot-plate by a rope, when the engine can proceed with the train cautiously, until 
relieved by a pilot engine. 

Broken wheel or -When a wheel or tire breaks, the engine must be stopped, 
and assistance obtained to foiward the train. If a driving-wheel tire, the wheel must 
be lifted up by the screw-jack, and blocked up to the proper level, when the engine 
win be able to move itself, if not the train, out of the way. If it is a leading wheel, 
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or tire, of a four or six-wheeled engine, it may probably be thrown off the rails, and, 
after the train has been forwarded, the engine must be got on to the rails again, as 
already described. 

jipprehmsion of danger, case of the stoppage of either line of rail, from any 
cause, or apprehension of danger, whether in foggy weather or otherwise, the police- 
man on duty must place a detonator on the line or lines of rails so obstructed, every 
200 yards from tbe point of danger, until they are protected for at least a mile. 

Caution to stoppage signals^^ln all these, or any other accident causing a stoppage, 
due care must be taken that the signals for a stoxJpage are immediately attended to, 
in order to prevent any following train coming into collision with the one which has 
stopped. ' 

■ ..r-OGs. 

Cawfmezif jSif<z^ 20 Jis,----During a fog, when an engine or train stops at a station, some 
person must be sent hack half a mile, and place a detonating signal on the rail, to 
stop any engine or train coming up, until the other has started from the station. 
Detonating signals must also be used in a similar manner whenever any engine or 
train is following too closely upon another engine or train, or in any case of emer- 
gency or of danger. 

Attention to Whenever an engine passes over one of these signals, it 

explodes with a loud report, and the engine-man must then immediately stop the 
train. The guards of that train must likewise protect it, by sending back and placing 
these signals eveiy 200 yards, as before, until they have extended a mile from the 
train.' ■. 

Removal o/ d'efowu/orj.-— After the obstruction is removed, the policeman, guard, 
or fire-man, must remove all the signals from the rails before proceeding. 

Distance between No engine or train must leave a station, during a fog, 

less than ten minutes after any preceding engine or train j and the policeman on duty 
must give the engine-man the exact time when the train started, and where it is next 
to stop. 

Caution for signals. — Engine-men must always exercise great caution in foggy 
weather, and especially in approaching stations, from the difficulty of discerning the 
regular signals until close upon them ; and they must be prepared to bring their 
engines to a stand before reaching the signal, whenever it is required. 

UESCENniNG INCLINES. ' 

Attention to brahes.^ln descending inclined planes, engine-men, fire-men, guards, 
and brakes-men, must take care that they have complete control over the speed of 
the trains, by having the brakes screwed up so far as to be able, by a single turn of 
the handle, to apply them forcibly to the wheels, when required to do so. The 
engine-man must not, however, place too much dependence upon the assistance he 
may get from the carriage-brakes, hut keep the train perfectly under his own control 
by shutting ofiT the steam in time. 

Speed.-^'^o engine or train should descend a steep incline at a greater speed than 
from 20 to 30 miles an hour, unless by special orders. With very heavy trains, the 
speed should not exceed 20 to 25 miles an hour ; and no attempt should he made to 
make up lost time in going down an incline. 

The usual speeds down inclines from 1 in 80 to 1 in 100, are from 20 to 30 miles 
an hour, according to circumstances. On inclines from 1 in 37 to 1 in 80, they vary 
from 10 to 20 miles an hour. At the Wapping Tunnel, Liverpool, the speed is only 
4 to 5 miles an hour. 


ASCENDING INCLINES. 

Ditudiug tramt . — When inclines are so severe as to require the train to be divided, 
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and taken up at twice, it must be done in tbe following manner : The part of the 
train to be left must be pushed into the siding at the bottom of the incline, clear of 
the main line ; the first part must then be taken up the incline, and placed in the 
siding at the top. The engine or engines will then cross over to return on the proper 
line for the second part of the train. When this is taken to the top of the incline, it 
must be left on the main line, clear of the siding, and the first part of the train 
taken out and coupled to it ; by this means the waggons will be again in their proper 
positions in the train. 

Great care must be taken that the last portion of the train is not allowed to run 
down the incline after the engine is uncoupled from it. 

Overtaking divided trains. — In the event of any waggons being left upon the main 
line, at the foot of any incline, and a succeeding engine coming up, such engine must 
not commence propelling or drawing the said waggons until the engine which left 
them shall have returned to take them away. 

Returning on right road,-— The assistant engine must invariably return down the 
proper line, and must always stand at the proper place, ready with the tender well 
supplied with coke and water, having the steam up, and the front of the engine 
towards the incline. 

Assisting passenger trains. — ^When a passenger train requires assistance up an 
incline, the train must be stopped, and the assistant engine coupled on in front of the 
train engine, and both work together up the incline ; and when fairly clear of the 
incline, the assistant engine must be uncoupled from the train engine, and proceed 
ahead to the first crossing, where it will pass over to return on the right line to its 
station at the bottom of the incline. 

Assisting goods trains. — When a goods train requires assistance, it is usually given 
behind, as it takes a great part of the weight off the front waggon drag-chains j and, 
in the event of any of the drag-chains giving way, prevents these waggons from 
descending the line, which they would do, without any check or control, if the engine 
were ahead. 

Great care must he taken by the assistant engine-man behind, to prevent any over- 
pushing of his engine, in case any waggon break down between him and the other 
engine. It is best when all assistance can be given ahead of the train. 

Caution to pilot-man. — In moving out of the siding to assist a goods train up an 
incline, the pilot engine-man must take great care that the train has passed, before he 
comes near the main line, so as not to strike the train sideways before it passes clear 
of the pilot engine. As soon as it has passed, he must move out, and approach the end 
of the train with great caution, so as not to run against it with any force, and must 
give instant attention to any signal from the leading engine-man. 

Respomibility of engine-man. — No engine-man should attempt to ascend, without 
assistance, any incline with a greater load than his engine is quite capable of taking 
up with certainty ; and, as this varies very much with the state of the weather, the 
gradients, and the rails, the engine-man must decide for himself, in each case, 
whether he requires assistance or not, and act accordingly. 

EXTRA. INCLINES. 

Brakes-men. — ^When trains arrive at very steep inclines, either in or out of tunnels, 
such as those on the London and North Western Railway, where stationary power is 
used to drag them up the incline, or such as the Lickey incline, on the Birmingham 
and Bristol Railway, they are placed under the charge of special brakes-men, who 
have instructions in each case, and which they must strictly attend to, both as to the 
speed, number of carriages or waggons, according to the nature of the traffic to be 
taken up or down these inclines. 
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Gmerul regulation,— k& general rule, no train is allowed to go up or down with- 
out one of these brahes-men, whose duty it is to examine all the brakes, and satisfy 
himself that they are in proper order, with sufficient men to work them, before he 
starts a train either to go up or down one of these inclines. The speed is usually 
liimted from 4 to 10 miles an hour, according to circumstances, and the brakes-men 
must at all times, whether going up or down, be sure that they have the train under 
perfect control with the brakes, in the event of anything giving way. 

TUNNELS. ■ . ■ ; *■ 

Approached cautiomly.—K^ tunnels must be approached cautiously; so that if a 
signal is made to stop, the train may be stopped before entering the tunnel. Every 
engine-man must use Ms whistle before entering and while passing through a tunnel, 
to give proper notice to the police-man at the entrance, and to any man who may be 
employed in the tunnel. 

Stoppage in tunnels, — ^When an engine or train breaks down in a tunnel, the torches 
must be lighted to ascertain the nature and extent of the accident, which must then 
be remedied according to instructions in preceding rules. Great care must be taken 
to protect the line both ways, to prevent collision and injury to the men at work, 
until the line is cleared and the train forwarded. 

.JUNCTIONS, 

Signals,— In approaching junctions, every engine-man must blow the whistle at 
least a mile from the j unction, and continue to do so until the police-man in charge 
of the junction points gives the proper signal that the main line is clear, when the 
engine-man can proceed on to it with the engine or train, at a speed not exceeding 
from 5 to 8 miles an hour. If, however, the signal he given that the main line is 
obstructed, then the engine-man must immediately stop the engine or train until the 
obstruction be removed, and the ‘ all-right’ signal he shewn, when he can proceed 
slowly on to the main line, as before. 

Approached cautiously, — Every engine or train must approach the junction of two 
lines with great caution, and at a very slow speed, so as to stop altogether before 
reaching the junction, if necessary. In foggy weather, the engine-man must bring 
the engine or train to a stand before arriving at the junction, and not go on to the 
main line until he has learned from the police-man on duty how long the preceding 
train has passed, and he must stop or proceed, according to the information he receives. 

REPORTS. 

State of engine, 8fc, — The engine-man must examine his engine at the end of his 
trip, in the same manner as he did before starting, and report to the foreman on 
duty, or his clerk, anything he may observe or know to be wrong, and enter the 
particulars in the report-book kept for that purpose. He must also report every 
unusual circumstance which may have taken place on the journey, in the same 
maimer. 

Spare stores replaced, — Every engine-man must have replaced, before starting with 
his train, any spare stores he may have used, and he must have any broken tools 
made good again. He must also see that his lamps are taken to the appointed place 
to he cleaned and trimmed again. 

DUTIES IN SHED. 

Regulation of Weight,— Die. weight of every engine should be properly distributed 
on the wheels and springs. No engine can run steadily with one, two, or three tons 
more weight upon one spring than upon the opposite one, A six-lever weighing 
maciiine should be on all extensive railways for this purpose, by which the weight on 
each wheel can be regulated with great nicety. For passenger-train engines, there 
should be nearly as much weight on the leading as on the driving wheels. Eight- 
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wheeled engines have more weight on the two leading than on the driving wheels. 
All the weight required on the driving wheels is as much as to produce sufficient 
adhesion, in ordinary cases, to draw the train, as there are times when all the weight 
would not prevent slipping. For all ordinary trains, the engine will run the whole 
distance in less time and more steadily with lightly loaded driving wheels j for any 
time lost in starting is more than made up afterwards by the ease given to the ma- 
chinery. Four and six-wheeled coupled engines have generally all the weight brought 
into action for power, and not for speed; and it is therefore more equally distributed 
over the wheels. 

Hand-pump to be tried . — Every engine-man, when in the shed, should try his hand- 
pump, to insure himself that it is in good order, as, being seldom required, they are 
liable to become * furred up^ with the deposit from the water, and in that case, of no 
service in any emergency. 

Cleaning ^o^7er.— -the boiler should be regularly blown out, over the pit provided 
for that purpose, at such times as the state of the water requires, which the engine- 
man can readily determine from experience. The boiler must also be washed out 
with cold water, at least once a week, to remove all loose deposit from it. Muriate 
of ammonia is used for preventing the adhesion of deposit to the boiler, which it 
effects by keeping the lime in solution, and which is blown out two or three times a 
week, according to the purity of the water used for the generation of the steam. 

Adjmtment of machinery . — Every engine-man, when in the shed, must carefully 
examine his engine ; and, when necessary, adjust the pistons, slides, connecting-rod 
bearings, axle bearings, springs, or any other part requiring adjustment, and see that 
the eccentric sheaves are all fast in their right places. 

'Primming stuffing-boxes and syphons. — He must also pack his stuffing-boxes, ex- 
amine his clacks and feed-pipes, clean and trim his syphons, so that he may have his 
engine in good working order when required to go on duty again. 

PILOTING. 

Tools , — ^Pilot engine-men must at all times, during the hours appointed for them to 
pilot, stand ready to start at once, with their steam up, their tender full of coke and 
water, and be provided with the following tools ; namely, two pinch-bars, two screw- 
jacks, a large drag-chain, a rope, two signal lamps, two hand-lamps and detonators. 
One of the signal lamps to be put on the front of the engine, and the other behind 
the tender, and the hand-lamps to be used as signals, or as may be required. 

Orders . — ^When it is necessary to send the pilot engine to look for a train, a regular 
order must be made out for it; and if at or near to night, both lamps must be lighted, 
and a red light shewn behind and a green one in front. When the pilot engine-man 
meets with the train, if it be at a stand, he must ascertain the cause, shew red lights 
both ways, and run on to the next crossing ahead. He must then cross, returning to 
give every assistance he can, whether the engine be broken down, or any part of the 
train be off the line, or to push the train slowly before him until he can put it into a 
siding, and get in front of it, which he must do on the first opportunity. 

Caution on crossing line . — No pilot-man in search of a train, past-due, must cross 
on to the main line until the danger signals are turned on, and then only when he 
has ascertained from the police-man on duty that he can do so with safety, to prevent 
collision in case of the train coming up at the moment of crossing. 

Orders countersigned . — ^When any pilot engine is sent out, on its arrival at the 
next pilot station the engine-man must shew his order to the foreman on duty at such 
station, and either obtain a fresh order, or have the old one countersigned by the 
foreman, before he proceeds further. 

Speed , — Any engine-man proceeding along the line with an order must be careful 
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to proceed at the same average rate of speed as the passenger trains, and on no 
account to run his engine at a higher speed at any part of Ms journey, unless other- 
wise specially instructed in his order. 

Assistance,-— ’li both lines are obstructed, he must assist in clearing the lines, and 
then receive instructions for his further movements from the first guard, or his supe- 
rior officer, being careful not to return on the wrong line until he has satisfied him- 
self that the police have been made aware of the circumstance for the whole distance 
he has to go on the wrong line; and he must then proceed slowly, sounding his 
whistle every quarter of a mile during the whole time. 

i2eaj!30»a£^ih*^y.----When any engine is sent on the line with an order, without any 
train, or from any other cause, without a guard, the engine-man will be entirely 
responsible for all tbe movements of the engine ; and, in addition to the precautions 
and rules ordinarily applying to him, he must, in the event of being compelled to 
stop, send back the fire-man to make all the usual signals, as already described for 
stoppages. The fire-man must not return until be meets and is relieved by the next 
police-man. If the engine-man is obliged to cross over to the other line, and is some 
distance from a crossing, he must always move forward on the proper line to the next 
crossing, and never return on the wrong line. 


SECTION IV.- 


“DESCRIPTION OF THE ‘.LORD OP THE ISLES* AND THE 
‘ LIVERPOOL* LOCOMOTIVE ENGINES,* 


* LORD OP THE ISLES’ BROAD-OAUGE LOCOMOTIVE ENGINE. 


This fine powerful locomotive was exhibited in the Crystal Palace by the Great 
Western Railway Company, of which Mr, Brunei is Engineer. As a massive example 
of Stephenson’s class of locomotives, and good workmanship, it is creditable to the 
S windon Railway Works, where it was made, and an ordinary prize medal was awarded 
to the Exhibitors. After the expectation held out, that the broad gauge w'ould be 
the means of introducing some decided novelty or improvement in locomotives, not 
a few were disappointed to find that the ‘Lord of the Isles’ only embodied narrow- 
gauge improvements, and had been surpassed in originality, in heating surface, and in 
a low centre of gravity, by Crampton’s narrow-gauge engine the ‘ Liverpool.’ It is 
however known that Mr. Brunei at first sought to introduce originality in the con- 
struction of locomotives as well as in the width between the rails ; but before he got 
the locomotives fairly organized, his innovations were attacked by a powerful narrow- 
gauge force.f During this attack the command of the broad-gauge engines was 
held by a pupil of the chief attacking officer (Mr, Stephenson), J to whom Mr. Brunei 
appears to have at once surrendered the locomotives to be Stephensonized— as they 
soon w^ere-“and concentrated his energies to defend the width of gauge only. With 
considerable difficulty this has been done, and necessarily insures comparatively 
greater safety from a greater width of base, being as 84 inches to 564 inches, or 
nearly as I 4 to 1 in favour of the broad gauge. But in all the past gauge trials 
of locomotives in 1838, 1845-6-7, the difference in speed has been merely one of 
degree, slightly in favour of the broad gauge, high wheels, and large boilers, at 
extreme velocities ; but for practical every-day duty, with numerous stoppages, the 
advantages are on the side of lower wheels on both gauges. 

The late Mr. George Stephenson considered the general introduction of his form of 
engines on the broad gauge as a great triumph, and many engineers now regard 
Crampton^s * Liverpool' as shewing the capability of the narrow gauge in producing 
a good working engine of a power, a height of wheels, and safety at high velocities, 



* By John Sewell, C.E. 

it Gauge Evidence. Quest, 2226, 1845, 
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equal to the ^Lord of the Isles ^ class of engines. It is, however, worthy of notice, 
that if Mr. Crampton was not a pupil of Mr. Brunei, he was at least some time in 
his locomotive oflice at Paddington, where he first brought out the design of the 
‘ Li verpoor without success, until the gauge contest of 1845 brought it under the 
favourable notice of the London and North Western Railway Directors. The sepa- 
rate crank-axle of Mr. Crampton^s ‘ Folkstone’ locomotive is also one of Mr. Brunehs 
early plans, wdiich was taken out of two engines to Stephensonize them. The only 
difference is, that Mr. Crampton uses a side-rod whilst Mr. Brunei used toothed 
wheels to connect the respective axles. For these twm designs, as embodied in the 
^LiverpooT and *Folkstone,' Mr. Crampton received the highest class or Council 
medal of the Great Exhibition. 

Description of the Engravings. 

Fig. 1 is a longitudinal section, shewing the general arrangement and outline of the 
Lord of the Isles ' engine. 

Fig. 2 is a transverse section through the front and back fire-places on each side of 
the central water partition d, in fig. 1. 

Fig. 3 is a transverse section through the smoke-box g, and cylinder m, steam pipe 
I, and blast pipe x, fig. 1 ; also through the steam chest q q and slide valves n n, 
fig. 3. 

The same letters apply to the same parts in each figure. 

Fig. 1. — A represents the cylindrical part of the boiler, 10 feet 9 inches long by 
4 feet 10 inches in diameter, made of the best wrought-iron plates, well riveted 
together : b is the rectangular fire-box case, with a semicircular top, as seen in 
figs. 2, 3, also made of best wrought-iron plates, and securely riveted to the horizontal 
part A by means of a strong angle-iron ; g, the rectangular smoke or cylinder box 
with a semicircular top, as seen in fig. 3, also well riveted to the boiler. Viewed 
externally, these three separate divisions form the complete outline of the boiler, to 
which the machineiy is attached. Internally, c is the copper fire-box fixed to the 
outside case b at its lowest edge by a double row of rivets. Immediately above 
these rivets the copper is bent inwards, as seen in figs. 1 and 2, so as to leave a 
water space averaging about 3 inches wide all round between the fire-box c and 
outside case b. As these flat sides present a large surface in a weak form to the 
force of the steam, they are strongly tied together by numerous copper stays d d, 
screwed through both plates and the ends riveted over, as shewn in the upper side 
part c of the fire-box, fig, 1, or lower back part d, on the right-hand side of fig. 2. 

In fig. 1, ^ is a side view of one of the strong wrought-iron stays which rest 
on the vertical sides of the copper fire-box and support its fiat top, which is strongly 
bolted to it, as shewn in the figure, or sectionally in fig, 2. 

«, fig. 1, is one of ten longitudinal wrought-iron stays which tie together the flat 
ends of the boiler, so as to resist the force of the steam. In fig. 2 they are 
sectionally seen zXnn between the fire-box top stays e e. In all steam boilers the flat 
surfaces require to be very strongly stayed for security, which will be apparent when 
it is stated that at a pressure of lOOfts. per square inch the ^Lord of the Isles ^ 
boiler case and fire-box would have to resist a force of about 3125 tons, 

» is a transverse water partition about 4 inches wide, which divides the lower part 
of the fire-box c into two separate fire-places e e ; the fiat copper sides are firmly 
screwed and riveted together by the copper stays d, fig. 1, or atd, fig. 2, left-hand 
side. Transversely, as seen in fig. 2, it is curved upwards from the centre at each 
side towards the top of the fire-box c, to which it is riveted, as shewn in the figure, 
while the right-hand side shews the back of the fire-box below the tubular flues ; 
E E, the two separate fire-grate bars, figs. 1 and 2 ; p, the door by which fuel is 


Pig. I.— Longitudinal Section of the * Lord of the Isles, ^ 
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other is seen, with the first row commencing immediately below the top of the fire- 
box c : G, the smoke-box, in which are placed the cylinders, steam chest, blast pipe, 

and steam pipe. On the „ . * 

, , Fig. 2,— Transverse Section through the Fire-places, 

top of the smoke-box, ' 

and with its centre ver- ' \ ' , 

. tical to the blast pipe \ , . mllm 

orifice, is placed, the- 'j||| 

chimney H. I: 

I , is the. steam pipe, ■ III 

turned at right ^ . angles . *W~T| - 

where it enters the 
smoke-box, and con- 
tinned to the steam 
chest ^ g, fig. 3. The 
horizontal part extends . 

all the length of the 
boiler and fire-box, and . 

, receives ; the steam at f , @ : 

numerous small holes or f ° ^ § ^ ' 

thin narrow slits on the ■ . r — I if® ® ® i _ , 

.upper side, to avoid, the I So o « S t 1 

oscillation of the water ® o.o © oU o o o o e ^lr\J L 

• .1 ^ T. *1 1 ji I)'®® ooo oojo o o 0^0 o o' g L LUrl 

in the boiler when the . L| IT ijl | o o o o « oj© o o ©^o © o* ^r””T| sLI 

pressure is either ' sud- . T., n li S® ® ® ® o © © © © o © © © o j pk J jr* 

, 1 ^ . ■ II (| o % o 0 0 oj© o © 0 0 1 ii) ' iri 

denly relieved —at one J|^|^ |f| ®| 

steam on to the cylin- ^ ^ 

ders, pr increased by M J - g 

shutting it off from them. H i 

This was one of Haw- ® ^ 

thorn^s patents. The regulator handle is shewn as bent down past the gauge cocks 
m,n, o,andg]ass gauge j. Arodpasses from the handle along the centre of the steam 
pipe 1 to the regulator valve placed at the top of the vertical part of the steam pipe i 
m the smoke-box, as shewn in fig. 1 , or its cover at the back of the blast pipe x, fig. 3. 
In fig. 2 the transverse position of the steam pipe is clearly seen guarded by the w^ater 
^baffie^ plates//, so placed to prevent any considerable body of water rising over the 
pipe or entering it with the steam. Near the ‘baffle' plate / on the left-hand side 
of fig. 2, is seen the end of the small steam pipe for conveying the spare steam to 
heat the feed-water in the tender, where it makes a peculiar rattling noise when 
turned on by opening the cock seen outside the boiler on the same side, j is the 
glass gauge tube fitted nicely into two brass sockets attached to the front end of the 
fire-box case b. The upper end is open to the steam and the lower end to the water, 
by which means the relative heights of the water and steam are seen by the driver. 
m , «, 0 , are three gauge cocks fitted into a brass tube placed parallel to the glass tube. 
The upper one m opens to the steam, and the two lower ones, w, o, to the water, so 
that in case of accident to the glass tube they may be used to guide the driver in 
managing the engine, k is one of the two safety valves placed side by side, as shewn 
in fig 2, where a lever is attached at its extremity to one of Salter's spiral spring 
weighing machines, partially seen, by whose indication the pressure on the valve is 
regulated. ^ This valve is under the control of the driver to lessen the pressure, but 
on y very limitedly so to increase it. The other safety valve is regulated by a spiral 
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spring placed vertically over it, and screwed down to give about 5 fts. more pressure 
per square inch than the steelyard lever safety valve, at which the steam should first 
blow oif. This last valve is not under the control of the driver at all, 

M is the cylinder, in 

which is fitted steam- Section thioush the Smoke-Boa, &c. 

tight the piston o, fig. 1, 
whose flat ends are shewn 
in the transverse section 
of both cylinders in fig. 3, 
v^here N N are the two 
slide valves which re- 
gulate the admission of 
the steam to the cylin- 
ders, and its escape from 
the cylinders to the at- 
naosphere. 

They are of the usual 
D class, elevated in the 
centre and planed flat 
faces on the sides, for slid- 
ing steam - tight against 
the faces of the cylin- 
ders, surrounding the 
steam passages to the cy- 
linders and atmosphere. 

There are three of these 
passages, of which one 
at each end admits steam 
to or from the cylinders, 
and one in the centre, 

0 {>en to the atmosphere 
through the Mast pipe x. 

When in a central position, these three passages, or * ports, ^ as they are frequently 
called, are aU covered by the slide valves n n. On these valves being moved until 
a portion of one of the end passages is open, the steam enters the cylinders and 
presses the piston o before it, whilst the steam on the opposite side of the piston 
escapes by the opposite end port, past the inner edge of the elevated part of the 
valve, through the central port and blast pipe x into the chimney h. During the 
return stroke, a similar action takes place from the opposite ends of the cylinder, 
and the time taken in these separate acts is distinctly conveyed to the ear by the 
separate * beats * or concussions of the escaping steam against tbe air in the chimney. 

At tbe back of the driving-wheel guard covers, on each side of the boiler, fig. 3, 
is a cnp, with a bent pipe inside the smoke-box, to convey tallow to lubricate each 
slide valve n n. p is the piston rod, whose end is keyed or screwed into the cross- 
head or guide which moves in a line with the cylinder hetween the two guide-bars 
shewn in fig. 1. The opposite side of this cross-head guide has a spherical bearing 
which is grasped by a concave bearing, keyed on to the end of the connecting rod r, 
whose other end is also keyed into a cylindrical bearing which grasps the crank ft, 
of 12 inches throw. On this cranked axle the driving or propelling wheels n are fixed. 

The pumps are not shewn, hut are placed in a line with the motion bar, and worked 
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To the front end of the frame s are attached two leather * buffers/ filled with hair 
coir and cork shavings; also the rail-guards below, to clear off any obstructing 
body on the rails. One of each is shewn in the figure, as well as the drag-chain 
for coupling the engine to another vehicle. 

T, fig. 1, is one of the eight springs which form the elastic base of 20 x 7|- = 145 
feet that supports the boiler and machinery on the eight wheels, tt, fig. 3, are 
sections of the two leading springs connected to the frame mid-way between the 
two pairs of leading wheels by vertical links from the centres of the springs. Each 
end of these leading springs is supported by a vertical rod resting upon one axle-box 
of each pair of wheels, so that one spring on each side sustains the weight of the front 
end of the engine on the two pairs of wheels. One of the four driving-wheel springs 
is partially seen in fig. 1, with its centre connected to the under-side of the axle-box 
and its ends connected to the frame by a hooked screw-holt, to regulate the weight upon 
these wheels. Of the others, one is opposite and two above the axle under the frame, 

u is one of the driving wheels, 8 feet diameter, made entirely out of malleable iron 
scraps, with a plain steeled tire outside, slightly shrunk on and further secured by 
the set-screws shewn in the figures. The other wheels are 4|- feet in diameter, also 
made from scrap iron, and having steeled tires with flanges on them, to guide the 
engine on the rails. 

In fig. 2, the elevation of the driving wheel, guards, hand-rail guides, and side stays 
which fix the boiler to the frame resting on the axle-boxes by the spring pins, are seen 
on each side. In fig. 3 the front axle, axle-boxes, side stays, and springs are shewn 
sectionally, with the driving wheel, guards, and hand-rail supports in elevation : y is 
the connecting rod of the opposite engine on the centre or powerless point where the 
crank a and connecting rod r are exerting their greatest power. Below r, and on 
each side of V, are seen the eccentric rods connected to the suspended curved ‘link/ 
which works the slide valves n n, on the plan called the ‘link motion,' first success- 
fully introduced by Mr. Gray on the Hull and Selby Railway, which success led to its 
modification and general adoption on most locomotives. 

The object of the ‘link motion' is to enable the driver to vary the quantity of 
steam admitted to the cylinders according to the load against the pistons, which it 
does by giving the slide valves more or less travel according as they are worked from 
the centre of the curved link or any part towards its extremity. When worked from 
the extremity, the travel is greatest and the steam-port longest open, which admits 
most steam to the cylinder, to overcome heavy loads, gradients, or starting. As the 
slide-valve connecting block is moved nearer and nearer to the centre of the link, the 
travel of the slide valve becomes less and less, thereby cutting oif the steam sooner 
and sooner from the cylinder, to promote economy in working the engine. 

A lever handle, placed conveniently for the engine-driver, is connected by a long 
side rod to the vertical arm of a hell-crank shaft. The slide-valve links are attached 
to the horizontal arms of this shaft, one of which is seen above the centre of the 
second front wheel, in fig. 1. As the driver, therefore, moves the lever handle from 
the centre ‘notch' or catch which retains it, the position of the valve connecting link 
is varied by its end sliding up or down in the curved link. The motion is so arranged 
that when the handle is moved towards the front, the engine is in forward gear, and 
runs in that direction ; but when the handle is moved from the centre backwards, the 
engine is in backward gear, and runs backward. 

w is the ash-pan fitted up against the lower edge of the fire-box case n, to receive 
the ashes or cinders falling from the fire-grates e e. The bevelled side toward the 
front is closed with a flap-door when not working, to prevent unnecessary combustion 
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by excluding the air ; but when running, tins flap is opened by the driver, to admit 
air to pass tbroiigb the fire, and promote combustion. 

X is the blast pipe for conveying the steam from each cylinder to the atmosphere, 
so as to promote a rapid combustion of fuel and generation of steam, As shewn 
in fig. 3, the two pipes are joined together near the upper extremity, to form only one 
orifice, 5| inches diameter, central with the chimney. This orifice is regulated in 
diameter by the quantity of steam required in a given time. If the boiler possesses 
large generating power compared with the duty it has to perform, the blast pipe can 
be enlarged ; but if the hoiler’s steaming power is small as regards the duty, the blast 
pipe has to be reduced in size to increase the velocity of the escaping jets of steam up 
the chimney, and consequently the velocity of the air through the fire, to promote 
more rapid combustion. Since the compression of the escaping steam through the 
blast pipe causes an opposing or baclc pressure in the cylinder against the piston, it is 
a desideratum to make it as large as can be done, to make that back pressure as 
limited as possible. In the ‘ Lord of the Isles * class, at. all velocities below 40 miles an 
hour, the back pressure little exceeds that of the atmosphere, which of course is a con- 
stant pressure ; but after the exhaust or escape port is closed, the atmospheiic pressure 
of 15 tbs. is compressed until it reaches at the last instant a considerable amount, 
ready to act in propelling the piston the moment it commences its return stroke. 

This important yet simple part of a locomotive engine was first practically intro- 
duced in railway locomotives by Mr. Hackworth, and first prominently exhibited by 
him at the Liverpool trial of locomotives in 1829. It scarcely now admits of a doubt 
that the prize of that day would have been won by Hackworth, had the respective 
engines been tried as they came upon the ground, for he alone had got the blast pipe. 
Its effects were at once apparent to all, and Mr, Stephenson sent Mr. Deurance to 
obtain from Mr. Hackworth the necessary information to fit a blast pipe to the 
* Rocket,^ which was done the same night, and before the prize trial was made. Its 
effect on the * Rocket* very greatly improved its performances, whilst Hackworth 's 
was left to contend with only one cylinder, the other having failed, and thus lost a 
prize due to the blast pipe more than to the tubes over the short distance run. 

The blast pipe was also early introduced by Goldsworthy Gurney, Esq., in his 
common-road steam engines, to promote combustion. For ventilating coal-mines, 
the Courts of Law at Westminster, or aiding in extinguishing coal-mine fires by the 
steam jet or blast pipe, Mr, Gurney has also eminently distinguished himself. 

In fig. 3, y y is a series of iron strips fitted up similarly to a Venetian window-blind, 
which are raised to stand out parallel with the tubes when the engine is at work, but 
shut down over the tubes w^hen not at work, as seen in fig. 3. The manner of their 
jointing to the closing and opening rods is shewn sectionally at y y, fig. 1. The lever 
by which this is done is seen at the left-hand side, and is connected by a side rod to 
a handle within the reach of the driver. The outside circle shews the relative 
diameter of the top of the fire-box case b, fig. 1, to that of the smoke-box g, on which 
the chimney is fitted. 

The principal inventions embodied in this engine are modifications of BmneFs high 
wheels, Stephenson’s fire-box, tubular flues, slide-valve arrangement, and springs ; 
Hawthorn’s steam pipe and four separate eccentrics ; Gray's expansive valve motion, 
Hackworth’s blast pipe, Papin’s steelyard or lever safety valve, and Rastrick’s lock- 
up safety valve. 

In the Exhibition Catalogue the * Lord of the Isles' is officially described as one 
of the ordinary class of passenger engines constructed by the Great Western Railway 
Company since 1847, weighing 31 tons empty and 35 tons W'ben filled with water 
and coke in a working condition. 
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The fire-box heating surface is 156 square feet, and the tubular flue heating sur- 
face 1759 square feet, or a total heating surface of 1915 square feet. The cylinders 
are each 18 inches diameter and 24 inches stroke, with a driving -wheel 8 feet 
diameter. 

The extreme evaporative power is stated as 1000 horses, and the effective power as 
743 horses. 

With an ordinary mail train of 90 tons, at 29 miles an hour, the consumption of 
coke has averaged 20’8 lbs. per mile. 

This consumption is, however, evidently not an average consumption for average 
work, but that due to a special train under favouring circumstances. The real average 
consumption of coke per mile will be from 40 to 50 per cent, higher, or from 28 to 
30 lbs. per mile. Such is the influence of a few miles* greater speed per hour, and 
ordinary contingencies, in all locomotives, without reference to gauge, 

CRAMPTON’s PATENT LOCOMOTIVES. 

In describing the ‘ Lord of the Isles * broad-gauge engine, we have referred to the 
circumstances which first brought this class of engines into public notice. Before 
that time, the general practice was to place the driving wheels below the cylindrical 
part of the boiler, as adopted by Mr. Stephenson soon after the locomotive trial on 
the Liverpool and Manchester Railway in 1829. Mr. Crampton's proposal to place 
them behind the fire-box, and lower the boiler altogether, met with no favour at first 
from the adherents to the older form. The exigencies, however, of the narrow gauge 
overcame the prejudice existing against his engines, which ai*e now acknowledged 
as a valuable class both in England and on the Continent. In England, the 
* Liverpool,* constructed by Messrs. Bury and Co. on Crampton*s patent, is the most 
powerful of them yet made, having cylinders of 18 inches diameter and 24 inches 
stroke, with driving wheels of 8 feet diameter. The heating surface is in propor- 
tion, amounting to 154 square feet of fire-box and 2131 square feet of tubular flue 
heating surface, making a total of 2285 square feet, or about 370 square feet more 
than in the ‘Lord of the Isles,* with equal-sized cylinders and driving wheels. The 
weights of these two engines are nearly alike, only varying about one ton, the 
‘ Liverpool * being stated as 32 tons, and the ‘ Lord of the Isles* as 31 tons. 

For symmetrical appearance, the ‘ Liverpool * has a less bold and pleasing outline 
than the engines of Stephenson*s form, as exemplified in the ‘ Lord of the Isles.* 
However, what is thus lost in appearance is gained in safety, by lowering the boiler 
until the relative centre of gravity is lower for a narrow-gauge engine than for the 
existing broad-gauge engines. To those who had an opportunity of seeing both the 
above-named engines in the Crystal Palace, this would be evident, and constitutes 
their chief difference from the usual form on both gauges. It is also the low centre 
of gravity and position of the driving wheels which enables them to compete with the 
broad gauge in power and safety within the limits of weight economically sustainable 
by the rails and permanent way. In the new edition of Tredgold there are elaborate 
engravings of the ‘Liverpool,* as exhibited by the London and North Western Rail- 
way Company in the Industrial Palace, Hyde Park. This engine, it maybe remarked, 
worked well, but was laid aside, along with another large 8-wheeled engine of Mr. 
Stephenson*s, as too heavy for the roadway. The Great Western Railway Company, 
however, persevere in working their large engines at llOlfes. pressure of steam, 
regarding them as more economical for the heavy traffic of the London end of the 
railway than the smaller engines worked at only 75 ibs. pressure. Deducting the 
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given as an example of an ordinary-sized passenger engine. It is one of twelve con- 
structed by the eminent firm of MM. Derosne and Cail, of Paris, — exhibitors in the 
Crystal Palace,— for the Northern Railway of France, and weighs about 27 tons in 
working order. 

Description of the Engravings. 

Fig. 1 is a side elevation, shewing the general appearance of the engine and 
arrangement of the wheels and machinery. 

Fig. 2 is a transverse section through the regulator chest, steam pipes, tubular 
flues, slide valves and cylinders outside the boiler. 

Fig. 3 is a transverse section through the smoke-box, shewing the tubes and blast 
pipe.,: 

The principal dimensions of this engine are,— cylinders 15 inches diameter and 
21 inches stroke^ with driving wheels 7 feet diameter. The middle wheels are 3 feet 
diameter and 8 |- feet in front of the driving wheels. The front wheels are 4|- feet dia- 
meter and 7i feet from the middle wheels. The base resting on the rails is therefore 
16 feet in length by 5 feet in width to the centre of the rails. The base resting on 
the springs is 19 feet in length by 8 feet in width, and the area of the entire frame 
24 feet by 8 feet wide. The frame is made of two wrought-iron plates 87 } inches 
deep by 1 inch thick, and 22 inches apart on each side. Within this double frame 
the wheels are placed, having inside axle-bearings for the driving wheels and outside 
axle-bearings for the two pairs of supporting wheels. The side frames are strongly 
bound together by the foot-plate behind the fire-box, a curved stay-plate iu front of 
if, two more where the cylinders are fixed, and two below the smoke-box. The front 
buffer baris of oak, 6 in. thick, and curved down to 2 |- feet deep, to clear the smoke- 
box door : it is strongly bolted to the sides of the frame, and has two stuffed leather 
buffers fixed in front of it. Viewed externally, tbe fire-box is 5 feet 1 inch long and 
4 feet wide, with a semicircular top on a line with the boiler, which is also 4 feet 
diameter. Internally, the fire-box is 4 feet 5 inches deep, 3 feet 4 inches wide, and 
4 feet 5 inches long. The top stays are 8 inches deep, well bolted to the top, and 
also fixed to the top and both ends of the outside boiler cases, besides resting on the 
vertical sides of the fire-box, similar to the * Lord of the Isles.' The cylindrical part 
of the boiler is 4 feet diameter and 11 ^ feet long, containing 177 tubular flues, each 
2 inches diameter and 11| feet long. It also contains the receiving steam pipe, ex- 
tending all the length of the boiler, and 5 inches diameter, but only 3^ inches dia- 
meter over the fire-box. The flat ends of the fire-box case and smoke-b*ox are further 
stayed together by six wrought-iron longitudinal stays, fixed in the manner shewn in 
fig, 2. The connecting rods are 7i feet in length, and the eccentric rods 5 feet 
long. The top of the boiler is 6 feet 10 inches from the rail, and 2 inches below the 
top of the driving wheels. The bottom edge of the fire-hox is about 1 foot from the 
rails. The orifice of the blast pipe is 5 inches diameter, but is fitted up with the 
means of varying its size, by the rod seen alongside the boiler to a small crank near 
the chimney, fig. 1 . 

The average velocity realized with ordinary trains by this engine is about 45 miles 
per hour, and the extreme velocity about 63 miles per hour. 

On examining the longitudinal elevation, fig. 1, it is seen that the top of the fire- 
box and central part of the boiler are parallel with each other, and the whole outline 
is much lower than the usual form of engine. The driving wheels are also observed 
with their axle immediately behind the fire-box and over the foot-plate. These are 
the two distinctive features of Crampton's engines, viz., a low centre of gravity and 
the driving-w-heel axle behind the fire-box. By this an-angement the greatest weight 
is placed on each pair of extreme wheels, and the least weight on the centre ones, to 
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insure greater steadiness, and less risk of leaving the rails easily. For instance, there 
are about 10 tons on each pair of the driving and front wheels and only about 7 tons 
on the middle pair of wheels of this engine. 

■ This is considered as a point gained in safety, by preventing that tendency to oscil- 
late when the greatest weight is balanced on a central pair of driving wheels, whilst 
the hinder pair has only a nominal weight to support, or an overhanging fire-box 
without the check of a pair of wheels, as in Stephenson^s long-boiler class. 

It is the position of the driving wheels and their diameter which determines the 
height of the boiler in the ordinary class of engines, and when these wheels are high 
and their axle cranked, the boiler is also necessarily high above the rails. The fLord 
of the Isles * is of this class, with a boiler 58 inches diameter, raised as far above the 
driving axle as to allow the cranks and connecting rods space to revolve round the 
axle, by which its height from the rail is about 9|- feet. With a boiler 60 inches deep 
and driving wheels of the same height, the ^ Liverpool' is only about 71 feet high 
from the rails. 

In engines with the driving wheels behind the fire-box, the height of the boiler 
depends upon the diameter of the supporting wheels and the distance it is desirable 
to keep the lowest edge of the fire-box above the rail ; hence the difference between 
the respective heights of the * Liverpool' and the ‘ Lord of the Isles.' The annexed 
diagrams will more clearly explain the difference referred to. Fig. 4 is an outline 
of one of Stephenson's long-boiler engines, with driving wheel 6^ feet diameter. In 
this class, the smoke-box overhangs the front wheels, and the fire-box overhangs the 
driving wheels, which are placed behind the supporting wheels. It may be noted that 
this alteration of the usual central position of the driving wheels by Stephenson ma- 
terially aided Crampton in getting his plan tried, for it was obvious that greater safety 
and steadiness would be 
obtained by placing the 
wheels behind the fire- 
box than in front of it. 

In Stephenson's old short 
boiler engines the wheels 
were arranged otherwise, 
as if the middle wheels, 
fig. 4, were taken out 
and placed behind the 
fire-box, as in the * Lord 
of the Isles.' Fig, 5 shews 
the transverse elevation 
of the boiler, fig. 4, whilst 
fig. 7 shews the relative 
height of a boiler over a 
cranked axle in wheels 
8 feet diameter. Fig. 6 
shews the comparative 
height of the boiler of 
one of Crampton's en- 
gines with 8-feet driving 
wheels. The difference h 

It is, however, evident that Crampton's plan could also be applied to the broad 
gauge, but under the disadvantage, already great enough for the narrow gauge, of 
increasing the distance from the centre line of progression to the centre line of pro- 


Fig. 4. 



Fig, 5. Fig. 6. Fig. 7. 



point of safety is obvious. 
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pulsion by the cylinders. Inside-cylinder engines have tliese centres nearer eacli 
other, which tends to prevent oscillation with a high centre of gravity, and the cylin- 
ders are well protected from external cold in the smoke-box, whilst outside-cylinder 
engines are necessarily less protected, and more distant from the centre of progres- 
sion. In a later patent Mr. Crampton has sought to obviate these disadvantages 
and still retain a comparatively low centre of gravity, by introducing a separate 
crank axle, as in TrevithicVs first locomotive of 1803, and in two broad-gauge 
engines of 1838. 

This plan is carried out in the * Tolkstone,' where the cylinders are placed in the 
smoke-box inside the frame, and the machinery of piston rods, link motion, pumps, 
and cranked axle is placed below the boiler, as in the * Lord of the Isles.' The 
cranked axle has no wheels on it, and is placed as low as is practicable, with its ends 
connected to the driving wheels behind by side rods, similar to luggage train 
engines. 

Tor these combinations of locomotive machinery the Council medal of the Great 
Exhibition was awarded to Mr. Crampton, as the designer of the ‘ Liverpool' and 
the * Folkstone ' locomotive steam engines, 

A considerable number of Crampton’s engines are now employed, varying only 
slightly in detail from the example here given, and a few also on the plan embodied 
in the ‘ Folkstone.' The full detailed description of the < Lord of the Isles' renders 
it unnecessary to do more than point out generally the similar details of Crampton's 
engines, which combine the same inventions as are in the * Lord of the Isles,' with 
the differences already described. 

In fig. 1 the length of the fire-box is shewn by vertical dotted lines ; it is 
strongly stayed, and similarly constructed to that of the ‘ Lord of the Isles,' excepting 
that it has no divisional water space in the fire-box. The * Liverpool' has however a 
longitudinal water space in the fire-box, open to the water at the top, and dividing the 
fire-box top into two parts, but only reaching downwards to within 7 inches of the 
fire-grate, which is therefore not divided as in the fire-box of the ‘ Lord of the Isles.' 

The front of the tubes is also open to the products of combustion, whilst the 
upper parts of the fire-box sides are curved outwards to increase the tubular area of 
the boiler, as now also adopted in some broad-gauge engines. From this description 
it will be understood that the water partition of the Liverpool's fire-box is longitu- 
dinal from the top downwards, whilst it has been shewn that the water partition of 
the * Lord of the Isles' is transverse and curved upwards from the bottom. 

In fig. 1 the position of the cylinders is seen between the front and middle 
wheels outside the boiler, and well fixed to the double frame. The steam pipe is seen 
passing from the regulator chest on the top of the boiler to the steam chest on the 
upper side of the cylinder. In fig. 2 is seen a transverse section through this 
part, shewing the position of the long receiving steam pipe which takes in the steam 
at the top side. It is closed at the smoke-box end by a cover on the outside, and 
gives out the steam at the centre to the regulator chest, from which it is supported as 
shewn above the longitudinal stay-rod fastenings in fig. 2. When the regulators 
are opened by the rod seen on the top of the boiler, fig. 1, the steam passes down 
the outside lateral pipes, 4| inches diameter, to the steam chest, where the slide valves 
distribute it to the cylinders. From the cylinders the steam escapes by the oblong 
circular passages seen below the slide valves in fig. 2, and along the pipe seen in 
fig. 1, leading from the cylinder to the smoke-box, where the two side pipes are 
turned upwards and united to form the blast pipe, as seen in fig. 3. Immediately 
over the blast pipe is fixed the chimney, 15 inches in diameter, as seen fig. 1, with 
a cover fitted on its top to check the draft on the fire when the engine is not 
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working. The vertical rod and handle are seen hy which the damper is turned off and 
on the chimney as required. 

For want of this simple process of working this damper a fire-man was killed on 
the Great Western Railway, by his head being jammed between the chimney and the 
joist of the shed, as the engine moved from rest, wliilst he climbed up to remove a 
loose plate by hand from the chimney-top. 

Behind the middle wheel is seen ihe position of the piston rod, guide bars/ and 
cross-head, with its union with the rod which connects it to the driving wheels on 
which the sheaves of the eccentric are fixed. Two ofthe four eccentrics are shewn with 
their rods jointed to the upper and lower end of the curved ^ link^ which is attached 
to the slide-valve rod hy a slide block, moveable inside the link. As drawn, the 
lowest eccentric rod is in ‘full gear^ for working the slide valve. Behind the driving 
wheel is seen the reversing lever, with its connecting rod leading to the reversing shaft 
arm near the middle wheel, having another arm connected to the top of the curved 
link. By this hand gear the driver moves the link up and down the slide-valve rod 
block to regulate the travel of the slide valve and expansive action of the steam to 
the duty it has to perform, as described in the link motion of the ‘ Lord of the Isles.’ 

To another arm on the same shaft, the circular weight seen in fig. 1 is attached, 
to balance the weight of the shifting link and eccentric rods, so that they may 
both work and be reversed with greater ease. When the ‘link’ is suspended from the 
boiler as in the ‘ Lord of the Isles,’ the suspension rods sustain the eccentric rods and 
*link,' so that no balance weight is required. From the louver sides at each end of 
the cylinders are placed cocks for allowing the condensed steam to escape, opened 
and shut by the rod seen passing angularly to the top of the driving wheel and 
within the reach of the driver. 


The tallow cup for lubricating the piston and slide valve is seen at the upper 
right-hand corner of tbe cylinder. 

Near the front comer of the fire-box is seen one of the blow-off cocks, for allowing 
the steam and hot water to he forcibly ejected, and carry down as much of the deposit; 
precipitated hy boiling as possible. T^^ handle is seen overihe top of the link, with 
its rod down to the cock key. 

Above the frame, beside the front wheel, is seen the waiter-supply pump, with the 
pipe to the left which conveys the water into the boiler. The barrel of the pump is 
seen in dotted lines along the frame and in the same plane as the cyhnder. The piston 
has two rods, one of which connects it to the driving wheels, and the other from the 
opposite end of the cylinder works the pump, as shewn in fig. I. The piston is thus sup- 
ported frbm both ends, Which prevents it from dropping down to rub along the lower 
side of the cylinder, as is frequently the case with heavy pistons on the end of a rod. 

Below fhe axlcTboxes of the wheels is seen the feed pipe leading from the pump to 
the tender water tank, and suspended from the frame and tire-box. It is connected 
to the tender feed pipe by a ball-and-socket pipe, partly seen near the steps up to tlie 
foot-plate of the engine. Three of the six springs supporting the engine on the wheels 
are shewn, two of them below and one above the frame. They are about 3 feet 3 
inches long, connected by their ends to the frame, and by their centres to the axlc- 
hoxes. Over each of the wheels is a guard to prevent the driver from coming in con- 
tact with them whilst moving about on flie engine, and those over Ihe driving wheels 
protect the men on duty from side gales or storms. A hand-rail passes along from 
the driving-wheel guard to the smoke- box, for the men to lay hold of when going to 
the front of the engine. 

Above the ciriving- wheel guard is seen one of the safety-valve levers, the ‘ locked- 
np’ one being .alongside of it. 

2 p 
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Ie front of the chimney is seen the signal-lamp socket , and in front of the smoke- 
box the handle for opening and fastening the smoke-box door. Below the smoke-box 
is seen the rail-clearing guard, strongly bolted to the frames. 

Such are brief descriptions of two of the most celebrated classes of locomotives of 
modern times. Wlien steam power was first employed in arts or sciences is unknown. 
Hero popularly receives the credit of the first invention of the steam engine, but he 
describes his 78 illustrated subjects as the ‘ Inventions of the Ancients ^ of his time, 
supposed to be about 130 years before oxm era. Amongst these inventions are a 
single-acting and a double-acting steam engine, as complete as any in England before 
Newcomen^s time. They were used for idolatrous worship, to raise water or wine 
‘ miraculously,' by admitting steam to press on the surface and expel the liquids 
from tbe vessels by means of a pipe or pipes. This was all that was attempted by the 
Marquis of Worcester, Papin, and Savery, only on a larger scale. The form of the 
single-acting as well as of the donhle-acting idolatrous engines required very little 
alteration to have made them models of perfect steam watei’-cranes, quite equal to 
have raised the largest obelisks, or transported gigantic sphinxes from the quarries 
to their sites. 

Watt gave a great and important advance -to stationary steam engines, but neg- 
lected tbe locomotive, although included in one of his patents. 

In France, Cugnot introduced, in 1771, a locomotive engine of considerable power, 
liaving two cylinders working a central front wheel by a ratchet motion, which was tried 
in the Arsenal at Paris, and is now in the Conservatoire des Arts et Metiers. In 
1785, Murdoch made a model, shewn in the Great Exhibition; and in 1803, Trevithick 
made a good-sized common-road steam carriage. In 1805, he also made one for the 
Merthyr Tydvil Eailway, which, after working some time, was laid aside. One of 
Trevithick's engines was sent to the Wylam Railway, and came under the late Mr, 
G, Stephenson's notice. The results of his talented endeavours wei*e aided by 
Timothy Hackworth, who first made the ‘Royal George' locomotive, in 1824-25, sur- 
pass horse-power in economy by introducing the blast pipe and coupling all tbe six 
wheels, with other improvements. Hackworth also strongly urged Stephenson to 
resist the conclusions of Messrs. Walker and Rastrick against locomotives; and the 
results of their joint exertions have led to the truly magnificent display of railway 
enterprise throughout the world. 

Steam boats, as now adopted, are of equally modern invention as locomotives, and 
both British inventions, — with the too frequent conclusion that both inventors died 
in poverty. Indeed, it is worthy of remark and serious thought, that at the same 
period, of tinae, in the beginning of the present century, the locomotive steam engine 
and the steam boat were both lying in the highways of Great Britain, as if a reproach 
and by-word to their inventors, and no one to take them up. Trevithick's locomotive 
run otf tbe road and lay in the ditch, with none to help it out ; and the inventor was 
unable to raise means to pursue his plans. Symington's steam boat, after realizing 
with much ^clat seven to eight miles an hour, was laid up on the Forth and Clyde 
Canal, and his latter days were solaced by a grant of ^ 150 from the Treasury. 
Fulton saw the forsaken British steam boat, and immediately took steps to establish 
them on the Hudson, in America, with a success which has, like land locomotion, 
astonished the world, but with no pecuniary gain to himself. Such are the vicissitudes 
of inventors and inventions. 
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SECTION V.— ON THE DIMENSIONS OF THE LOCOMOTIVE ENGINE 
BOILER IN EEEATION TO ITS EVAPORATIVE POWER.^ 

“ In the foe-box and boiler resides the real source of the power of the engine.V*'— -P ambour. 

1. The object of this Section is to determine the dimensions of a locomotive boiler 
requisite to furnish steam for any given number of horses’ power ; and, conversely, 
the evaporative power of boilers of given dimensions. 

Locomotive boilers generally have been too small for the work they have had to 
perform : hence the tendency to work them at a speed and pressure greater than is 
safe to those around them. Considering the great extension of railw'ays, and the ohsei> 
vant habits of Kail way Engineers, it is to be wished that some investigation of a more 
philosophical kind than the present were directed to this subject, and more especially 
by those whose connection with railways renders them more competent to the task. 
No one can be more conscious than the writer of the imperfection of the present step 
towards the opening up of such au investigation; but he trusts to the circumstance 
of its being a step in the right direction, and on ground entirely unoccupied by 
others, as some excuse for the attempt. 

The boiler of the railway locomotive steam engine may be shortly defined as a 
*cylmdrical fire-box boiler’ with numerous small tubular flues, aud ^ direct draft’ 
produced by discharging the ‘ exliaust’ steam through the chimney. This definition 
is intended to point out, in a popular sense only, what would be the true position of 
the locomotive’ amongst the numerous varieties of ‘stationary’ boilers, if taken from 
its carriage and set on brickwork. 

In applying new methods of computation to such purely practical matters, it will 
be best to adopt the synthetical mode of giving, as we proceed, the rule and the 
reason for it at the same time, — trusting to some analogical experiments with sta- 
tionary fire-box boilers, as a connecting link between the perfect stationary and the 
perfect locomotive boilers, to make our case complete. 

2. The ‘egg-ended’ cylindrical boiler being the simplest and perhaps the best of 
all stationary high-pressure boilers, and easily appealed to in corroboration or correc- 
tion of what we advance, almost every one being conversant with it, it will be best to 
take it as the groundwork for the data to be employed, assuming only, for our pre- 
sent purpose, that the plain cylindrical boiler with fiat ends is in its evaporating 
power substantially the same. This is, in fact, identical with the coxamom ^ barrel 
boiler’ of the North of England Collieries ; and when set up with a ‘ through draft,’ 
or without side flues, or flues of any kind, as it frequently is, and with the furnace- 
grate at one end, of the same width as the boiler itself, it brings us one step nearer 
to the condition of the locomotive, and so far assists the comparison we are insti- 
tuting* 

3. Now it is not a mere matter of opinion, hut the result of numerous experiments 
instituted upon a large scale for practkal purposes only ^ — carried on under the in- 
spection of the writer, and recorded in a work especially devoted to the subject of 
stationary boilers, — that the evaporative power of a boiler of this description, with a 
certain assignable amount of draft and quality of fuel, depends upon three points, 
which are as follow : 

First. On the area of the fire-grate, or the area of the heating surface immediately 
over or very near it, exposed to the direct radiation of the heat from the burning 
fuel. 

Secondly. On the whole area or extent of heating surface exposed to the upward 
action of the flame and hot air within a certain limit. 


* By IX, Armatroiig, C, E. (late of Manchester.) 
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This limit is, that with a furnace-grate and bars of any ordinary con- 
struction, and common coal, there is no appreciable loss of evaporative effect, if the 
area of the effective heating surface only exceeds that of the fire-grate or radiant 
heating surface immediately over it, in the proportion of nine to one. 

Although the above data for stationary boilers have direct relation to their evapo- 
rative powers alone, irrespective of their economy, experience has proved that the 
proportion of not more than 9 to 1, or a square yard of heating surface to a square 
foot of fire-bar, is also the most economical ; and that by using fuel of a stronger 
heating quality, or by an increased draft, which amounts to nearly the same thing, 
even a somewhat less proportion of heating surface is sufficient to render any addition 
to it unadvisable in any case, as costing more than it is worth. 

4. Applying the above proportions in practice, it was also found that there was no 
difficulty in evaporating a cubic foot of water per hour for each square foot of fire- 
grate, even with inferior coal; and that with the best coal, and careful management 
in feeding the fire, a proportion approaching to half a square foot was sufficient: 

5. Taking the evaporation of a cubic foot of water per hour to be amply sufficient, 
as it is, for each horse-power in a common Boulton and Watt engine working unex- 
pansively, the power (P) of any boiler to supply such engine with steam may be 
represented by 

P:-i(F+S), 

where F = the area of fire-grate in square feet, and S — the effective area of heating 
surface in square yards, never greatly differing in amount from F, and never exceed- 
ing it. Where, however, S was considerably less than F, though not less than |F, 
— below which our experiments did not extend, — ^instead of the arithmetical mean, 
we found the geometrical mean between F und S to express the nearest approxima- 
tion to the greatest evaporative effect that could be produced, or 

P = (FS)^. 

6. We will not assert that it is impossible to find a more correct expression for the 
relation that subsists between the areas of fire-grate and heating surface when a 
boiler is producing its maximum effect, than the above empirical formula presents ; 
but it will not be easy to find -one more eligible for ready application in practice. 

The proportions of heating surface to the fire-grate above given being admitted as 
correct under the given circumstances of quality of fuel and draft, we may apply 
them in ascertaining the evaporative power of the boiler taken as our first example; 
namely,.-"'. ^ ■ - . ■ " 

7. The Cylindrical BoiJer with fiat ends . — In order to obtain a simple expression 
for the heating surface of this boiler, in square yards, let L = length of the boiler in 
feet, D = the diameter, and a — 3‘1416 ; then, taking the lower half of the cylindri- 
cal boiler to be entirely exposed to the fire, flame, and hot air, — excluding the flat 
ends, which are generally compensated for by excluding from our measurement a few 
inches in depth of side surface, of about equal value, which is commonly covered over 
by the brickwork below the level of the central line of the boiler, — we have -I a D L 
= the area of the under surface of the boiler in square feet, and 

^ 1*57 DL BL 

9 5*7 ' 

which, taking our previous data of a square yard of effective heating surface as suffi- 
cient for a horse-power, is also 

P = EI;. 
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8. Tlie cylindrical boiler under consideration may be supposed to have a diameter 
of 6 feet, which will conveniently admit a fire-grate under it of 5 feet square, =: 25 
square feet area ; and in order to be arranged in the best proimrtions for a 25-horse 
boiler, as before indicated, would require a heating surface of 25 square yards, or 


P(:=25) 


D(=6)L 
5*7 ; 


whence L = 


5-7 P 


=s 23*75 feet for the length of the boiler, which is nearly four 


times the diameter : but as it is expedient to approximate these examples as nearly as 
convenient to the more general proportions of the locomotive boiler, we may assume 
that 20 feet will be a preferable length in this case. Its heating surface will then he 
(Art. 7) S == B L 5*7 = 6 X 20 4* 5*7 “ 20*9 square yards ; which, being less 
than the number of square feet in the area of the fire-grate, the correct value of P is 
(by Art. 5) “ (FS) I = y25 X 21 = 23 horse-power nearly. 

9. In pursuance of this investigation, it may now be supposed that for the purpose 
of increasing the heating surface and consequent economy of this boiler, and for 
diminishing the quantity of water it contains, in order to bring it nearer the condition 
of a locomotive, it is determined to put into it a cylindrical fine of 4 feet diameter, 
passing longitudinally through it from end to end. Supposing also that the fire-grate 
remains as before, but that instead of the smohe passing direct from below the boiler 
into the chimney it takes one turn through the inside flue, let us examine the amount 
and the effect of the additional heating surface which is thus obtained. 

10. It has been found by repeated experiments with common square or nearly rect- 
angular-sectioned flues, that the top of the flue only is fully effective in generating steam j 
the sides, if nearly vertical, having very little effect, and the bottom of the flue still less, 
or next to none; and that in a circular flue, whatever effect may be due to the bottom 
and sides, it is amply compensated for by allowing the upper semi-cylindrical portion 
to be calculated to the full extent of its area as effective heating surface. And when 
we consider that the smoke and hot air must act against ih.e imide ov upper concave 
surface of the flue, in the same manner as they would do against the outside or lower 
convex surface, supposing the flue to be taken out and fixed up as an extension of the 
boiler, it is evident that the effective heating surface of the flue cannot be reckoned 
at less than we have stated : therefore, in computing the effective heating surface of 
all circular flues, the lower half must he entirely excluded as non-effective. 

11. From the above considerations it appears, that the expression for the effective 
heating surface of the outer shell of the boiler must also be the correct one for that 
of the inside flue, or S = B L-^ 5*7 “ 4 x 20-5- 5*7 ~ 14 square yards, which, 
added to the heating surface of the shell, = 21 square yards, as before found, gives 
35 yards as the total effective heating surface of the boiler and flue. Such a large 
additional surface will enable the boiler to produce the full evaporative effect due to 
its 25 -horse fire-grate ; and such a boiler for evaporating purposes only (though not 
for working a stationary engine) we know from experience to be extremely economical 
of fuel. 

12. The most obvious way that now presents itself to assimilate the condition of 
this boiler towards that of a locomotive, is to remove the furnace from \mder the 
boiler, and to place one with a fire-grate of the same area witMn the inside flue. This 
done, the evaporative power and economy of the boiler WiE remain just the same as 
before, provided the hot air is compelled to return down and spread itself under the 
boiler bottom before passing into the chimney. If, however, we discard all the effect 
to be obtained from applying heat to the external surface, and allow the smoke to 
pass direct from the inside flue to the chimney, we acquire a still nearer approach to 
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the locomotive principle, and onr hypothetical boiler at once becomes the Tteviihiek 
locomotive boiler ^ the great forerunner of Stephenson^s. 

It is certainly true that these proportions of 25 square feet of fire to 14 square 
yards of surface, maldng a boiler, according to our views, of V25 x 14 = 18| horse- 
power, would be far from economical. But it only requires to have a 14-horse fur- 
nace-grate to make it a good 14-horse boiler for various evaporating purposes ; and 
with a steam dome and a fire-feeding machine it would be equally good as a steam 
engine boiler. 

13. The first improvement that suggests itself in the last-named boiler is to take 

out the large flue and to substitute two smaller ones instead, each of 2| feet diameter, 
thus increasing the effective heating surface to (2| x 2 x 20 5*7 =s) 17| square 

yards. This, with a fire-grate in each flue eoirespondiiig to the heating surface, 
would make a good 17i-horseboiler, not very dissimilar in proportions to some of the 
oldest locomotives. 

14. Another variation or extension of the principle of the above * ioubU-furnaced^ 
boiler would be its conversion to the condition of the ^ circular marine hoilerf hy 
having the two furnace or main flues made something less in diameter, say 2 feet, so 
as to allow them to be placed lower down in the boiler for the purpose of admitting 
four smaller flues, each of 12 inches diameter, returning from the smoke-box over 
the top of the former to the chimney. The effective heating surface in this case is 
again increased to 28 square yards, making, with an adequate area of fire-grate, a 
boiler of about 28 horse-power. 

15. The next point of view in which to place our hypothetical boiler, in its approxi- 
mation to the locomotive, would be that of a kind called the * Lmerpool Patenf con- 
struction, which became suddenly very popular soon after the opening of the Liverpool 
and Manchester Railway ; they were precisely the same as the last mentioned, or 
‘circular marine boiler,^ only that they were adapted for land purposes, and a fire-box 
was added. Many of them were made about the time referred to, but they generally 
failed for want of draft. They were as nearly as possible the same as those called 
‘ Stevens's American Boilers,* of which some valuable details were given in Mr. Weale^s 
* Engineeris andContractorisPocketBook^ for 1848 ; from which it also appears that 
to America belongs the honour of first applying them successfully in steam boats,, in 
conjunction with the fan-blast and anthracite coal. Not, however, being in possession 
of their actual evaporative power in practice, we here give the dimensions of one of a 
very similar kind, many of which came under our own observation in Lancashire, in 
1833, certainly some years antecedent to their re-invention in America. 

16. This was a seveu-jlued firs’-box boiler, 23 feet long in the cylindrical part by 
7 feet diameter, with the addition of the fire-box of 7 feet wide externally by 7^ feet 
long-,, making a total length of 30| feet : the internal fire-box was 6^ feet wide by 
7 feet long and 4 feet deep. Of the seven flues three were direct, averaging 13 inches 
diameter by 21 feet long, passing from the fire-box to an internal ‘take-up,' or smoke- 
box : from this smoke-hox proceeded four return flues, each of 12 inches diameter by 
28 feet long; passing over the top of the other three flues, and over the top of the 
fire-box to the^ front of the boiler, where the smoke passed out to the chimney, after 
making one turn under the cylindrical part of the boiler. Two of these boilers were 
worked for some years at a chimney with a good draft (equalling a pressure of half 
an inch of wata:), evaporating from 40 to 50 cubic feet of water per hour with only 
a moderate consumption of fuel ; which was a greatly improved result compared to 
that obtained from some others, by the same makers, with a greater number of 
smaller flues, and consequently worse draft. 

17* Reverting to our hypothetical boiler of 20 feet by 6, we shall, by putting into* 
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it a dozen direct tube flues, each of 9 inches diameter, and adding a fire-box of 6 feet 
by 5, again increase its heating surface, while the collective cross sectional area of all 
the tubes is nearly doubled ; therefore, with the same chimney or blast, we know that 
the draft would not be diminished. 

The effective evaporating surface of the flues alone, or S « I) (*= *75 x 12 = 9 ft.) 
X L (= 20) -j- 5*7 = 31 square yards, with a fire-grate of 30 square feet in the fire- 
box, may be considered a good 30-horse boiler. 

18. Having proceeded so far to shew the increasing capabilities of the locomotive 
boiler, considered as an evaporating instrument merely, in its gradual conversion 
from the simple cylindrical stationary boiler to the direct-draft locomotive boiler of 
'rrevithick, and, through various forms of construction, to the multifiue or ^ tubular ^ 
fire-box boiler of Stepbenson,-— computing the power derivable from each alteration, 
and tracing tbeir nearest analogies to stationary and marine boilers, as grounds for 
such computation, — we now introduce another element into the calculation, namely, 
the radiant heating surface of the fire-hox. 

19. In calculating the power of stationary boilers, we have always considered the 
radiant heating surface as nearly co-extensive with the area of the fire-grate, and 
therefore the expression for them in any formula for the power as nearly the same : 
where, however, the area of the fire-grate is small in comparison with the depth of 
the fire-box, as in a locomotive, the case is very different ; for instead of that part of 
the heating surface in the furnace which is very near the fire being immediately over 
the latter, as in a common boiler, the sides of the fire-box mre, on the contrary, 
mostly vertical, whilst the part which is horizontally over the fire, namely, the top of 
the fire-box, is really the furthest off. Now the evaporative vidue of different por- 
tions of this surface must depend in some measure on adventitious circumstances, 
which will vary a little in different cases, such as the direction given to the current 
of air through the grate; though Engineers have generally agreed with Pamhour in 
treating it as if it were uniform in its heating effects, calling all the surface ex- 
posed to the direct radiation from the burning fuel on the grate, indifferently, 
^radiant heating surface f whilst the total surface of the tubes or flues, exposed 
only to the hot air or smoke, has been called < commmimthe heatw^ surface^ As 
to the communicative surface of the tubes, we have already considered one-half of it 
only to be really effective in generating steam (Art. 10), for reasons which will 
presently appear. 

20. If we take a square iron box immersed in water, and keep it continually filled 
with a current of hot air passing through it, in sufficient quantity to keep the water 
gently boiling, we find that the upper surface, when horizontal, generates more than 
double the quantity of steam per unit of area generated by the sides, when the latter 
are vertical, — ^whilst the bottom generates none at all. These facts are evidently 
quite independent of the action of the hot air on the internal surface of the metallic 
box, which of course is xiniform, and arise entirely from the difficulty there is in the 
water getting proper access to, or coming into close contact with, the side surface, 
(except at a small portion towards the bottom,) so as to take the heat up with suffi- 
cient facility to become converted into steam. The minute bubbles of steam, as they 
rise more or less rapidly to the surface of the water, constitute, in fact, the condition 
of boiling^ or generating steam, as distinguished firom simmnngj or merely heating 
the water preparatory to boiling. And whilst this steam thus rises freely and unob- 
structed, and therefore rapidly, from the top of the box, that generated near the bot- 
tom or lower portion of the sides, in rising vertically upwards (which it must do 
generally), is compelled to pass between the surface of the heated iron plate and the 
water, forming a thin current or stratum, as it may be called, of steam, which by its 
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* This injtti7 to boiler plates iaclined in a wrong position is not so conspicuous in the copper. 
fire-box of a locomotive as in the imn fire-place of a marine boiler. 


constot interposition completely prevents the proper access of the water to the 
heating surface with sufficient rapidity for effective evaporation. , 

A strong illustration of the above general fact is afforded by inclming the heated 
box a little sideways, so that one of the sides may incline a very few degrees from the 
vertical upwards, whilst the opposite side declines at the same small angle from the 
vertical downwards, when the very great difference in the amount of evaporation be- 
comes strikingly apparent, —the bubbles of steam, as they are formed, rising rapidly 
from the elevated side, whilst they hang sluggishly against the opposite one, and 
appear only to be driven off at last by actually met'heaimg and injuring the plate.’^ 

2d. It is, moreover, evident that there must be a different evaporative value for 
every alteration of the angle of inclination of the generating surface ; as a variation 
of 2 or 3 degrees makes a sensible difference in the amount of evaporation from the 
sides, whilst any difference in thC' effect produced by the top is not to be perceived 
even when inclined as much as 20 or 30 degrees from the horizontal. Sufficient, 
however, for our present purpose is the knowledge of the fact now generally admitted, 
that the evaporative value of the top surfaces of fire-boxes and flues, even when 
inciined as much as 45 degrees from the horizontal position*, is to that of the vertical 
or very nearly vertical smface, as about two to owe. 

22. Hence arises a very obvious and ready rule for the practical measurement of 
the effective surface of all kinds of flues and fire-boxes. It is as follows : When the 
area of side surface does not exceed that of the top surface in any unit of the length 
of the flue, take them together as effective surface, which agrees with the rule already 
given in respect of circular flues (Art. 10) j but wheit the side surface exceeds the top 
surface, then take half of such excess, and adding it to twice the area of top surface, 
call the combined amount the effective heating surface. 

It may here be observed, that in several trials with stationary fire-box boilers, 
using coals, the evaporation produced by each square foot of effective radiant surface, 
measured in the above way; together with a proportional, area of communicative 
surface^ was found to he accurately' equivalent to that produced by the same area of 
fire-grate and heating surface in a common waggon boiler, a corresponding consump- 
tion of fuel being required in each case. 

23. From the above it will appear that there is no need to make any reference to 
the area of the fire-grate in any calculation of the power of a fire-box boiler, so long 
as an equal consumption of fuel is effected by a greater or less rate of combustion, or 
otherwise* 

Agreeably, then, to these conclusions, we may take each square foot of effective 
radiant heating surface in the furnace of a fire-box boiler to be sufficient for each 
horse-power when common coals and the ordinary draft are used. And supposing 
the normal working condition of the boiler of a locomotive to be that in which little 
or no power is lost by the contraction of the blast pipe, — or when the exhaustion of 
the chimney by the simple discharge of the eduction steam causes an average- drnffe 
through the furnace equal to that which is produced by a good chimney for a 
stationary engine, or equal to the pressure of half an inch of water, — the cases are 
sufficiently analogous to authorize us to use the same method of computation in. 
both. 

24. Equations for the heating surface and- horse-power of locomotive engine 
boilers corresponding to those already given (Arts. 7, 8) for stationary boilers are 
as follow : 
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dL _ ’■'■■■ 

to = — also P « cVE S, 

where d ==* the collective diameters of all the tubes in feet ; L =; the length of the 
tubes or of the cylindrical part of the boiler in fect j S =» the effective commmicatm 
heating surface of all the tubes in square yards, never being less than 1 ; R ~ the 
effective radiant hea.tm^ surface of the fire-box in square feet, which should not be 
less than S ; where, however, E is- less than S, the equation for the power P Is simply 
P == c R ; the co-efficient c depending on the combined effect of the blast and the 
quality of the coke, to he determined by experiment, hut which in the normal state 
of the locomotive may be considered equal to unity* 

2'5. The problem now is to determine from some actual case the value of c when a 
locomotive is exerting its maximum effect? for which purpose we may take as an 
example Mr. Stephenson's patent six-wheeled engine, as given in the last edition of 
Tredgold on the Steam Engine. 

It contains 124 tubes, each of 1| inch diameter and 7 feet 9 inches long. Hence 
d s=) 1*625 X 124 -4- 12 ~ 16*79 feet, = the collective diameters of all the 
tubes, and S — 16*79 x 7*75 ^ 5*7 == 22*8 square yards, = ihe ej^^ective area of 
tube surface. 

The total area of the internal surface of the fire-box is 50 square feet, the top being 
about 10|- and the side surface SOI ? therefore S9| — 10| = 29, is the excess of the 
side over the top surface, of which, according to the rule given in Art, 22, we take 
half « 14|, and adding it to twice the area of the top, we have R » 14| + (2 x 10| ) 

35| square feet for the effective radiant surface of the fire-box ; and 
P « e>v^35*5 X 22*8 =s28*^c. 

Now it appears from Mr. Stephenson's account of this engine, that the extent of its 
power, with steam at the pressure of 50 ibs. per square inch in the boiler, was about 
77 horse-power, the boiler then evaporating 77 cubic feet of water per hour by 8 fiis. 
of coke for each cubic foot. Whence c = 77 28*4 = 2*7, which gives 

P = 2*7a/RS 

for the horse-power of any locomotive engine boiler on this principle. 

26. We will now give practical examples of the converse of the above operation, 
by which to find the dimensions of a locomotive boiler for a given power? and as the 
tendency for some years past has been to increased speed and higher pressure, 
consequently giving greater power under the same dimensions, we shall only 
err on the right side by adopting 3 as a round number, instead of 2'7, for 
the co-efficient in the expression for the horse-power of this engine ? whilst it is 
certain that the progress of improvement must eventually extend the value of 
e to 4, 5? or even to 6. 

Example 1,- — Required the dimensions of the tubes and fire-box of a locomotive 
boiler of 78 horse-power ? 

The first thing is to fix upon as large a fire-grate and horizontal area of fire-box as 
the gauge of the rails will permit, which we may suppose to be the same as in the 
last example, = 10| square feet, which will also he the area of the top surface of the 
fire-box. Now we want as many square feet of radiant surface in the fire- 

box as is equal to the given power divided by the co-efficient 3, or 78 -5- 3 — 26 ; 
and this 26 feet (= R) must be made up as follows : 

Square feet of Square feet of 

effective surface. side surface. 

Double the top surface =105^x2 . . . ™21 containing . . 10^ 
Half the remaining side surface to make up 23 5 requiring . . 10 


t 



26 


20.!r 
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And the total beating surface of the fire-box will therefore consist of 20-| square 
feet of side added to 10-| of top surface, = 31 square feet, of which only 26 is 
considered effective. 

Then we have only to take a corresponding number of square yards (= 26) 
of effective tube surface to complete the boiler. This may be done variously ; but 
supposing it to be distributed amongst 124 tubes of If inch diameter =16*79 feet, 

collectively = d; and since S = 26 = therefore L = 8*8 

. 0 */ a ^ 

feet will be the length of the tubes which will regulate the length of the cylindrical 
part of the boiler. 

27. Should it be considered that economy of fuel is not required to be carried to 
so great an extent as the length of tube found in the above example would seem to 
indicate, or that a less proportion of tube to fire-box surface than 9 to 1 is sufficient, 
— and that for this or for any other reason thelength of tube adopted in Mr. Stephen- 
son’s engine is preferred, namely, 7 feet 9 inches instead of 8 feet 9 inches, — we 
shall now see how much additional surface will be required in the fire-box, in order 
to admit of the tubes (and consequently the boiler) thus being made one foot shorter 
without any loss of power. 

Example 2. — Requhed the dimensions of the fire-box of a locomotive engine of 
78 horse-power, the length of the tubes being fixed at 7 feet 9 inches ? 

Here, as in the last example, it may be granted that the number of tubes (= 124) 
and their diameter (If inch) are also fixed,-— because, in fact, they require to be 
determined from entirely different considerations, namely, weipfA/ and strength oi the 
parts, subjects that could not be entered upon within the limits of this article, 
involving as they do those of collisions and explosions. 

We have d = 16*79 feet = the collective diameters of all the tubes, as before; 

16*79 X 7*75 

and S = = 22*8 square yards, the same as in the first example, which 

. 5*7 

with a fire-box containing a corresponding number of square feet of effective radiant 
surface, or R = 22*8, would only make the boiler equal to 22*8 x 3 = 68*4 (= P) 
horse-power. 

But we require the value of R when P = 78. 

Therefore (by Art. 24) we have P = e v'RX 

1 p2 , , ' ■ , 

Whence R = = 26^ -t- 22*8 = 29*6 square feet for the effective radiant surface 

of the fire-box. 

Arranging this precisely in the same manner as in the last example,— 

Square feet of 
effective surface. 

Bouble the top surface 10fx2. . . , . =21 containing 

Half the remaining side surface to make up 29*6 = 8*6 requiring 


Square feet of 
side surface. 

. 10*5 

• 17*2 

29*6 27*7 

Hence it appears that the total area of the internal surface of the fire-box consists 
of 27*7 square feet of side surface + 10^ of top surface, making 38*2 square feet, of 
which only 29*6, or 77 per cent., is really effective. 

And taking the average perimeter of the radiant surface at 12 feet, it gives 27*7 
1,2* ~ 2*3 feet for the effective depth of the internal fire-box. 

28. The most direct rules in words, derived from a consideration of the foregoing, 
and simplified as much as possible, are as follow : 

RvXe 1 , — To find the dimensions of the fire-box . — Take one-third of the ^ven horse- 
power for the effective radiant surface in square feet, calling it R, and also one-fourth 
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of E for the top surface of the fire-hox : then take five times the top surface for the 
side surface, which, divided by the horizontal perimeter, gives the depth of the 
fire-box. ■ 

Rule find the effective Me surface and length of boiler. one-third of 

the given horse-power for the effective communicative heating surface in square yards, 
calling it S. Multiply S by 5*7, which gives the longitudinal sectional area of all the 
tubes in square feet; and this area, divided by the collective diameters of all the 
tubes in feet, gives the length of the tubes, and the length of the cylindrical part of 
the boiler is nearly the same. 

Rule Z.- — To find the horse^^power of a locomotive boiler. — Multiply the number of 
square feet of effective heating surface in the fire-box by the mirniber of 

square yards of effective communicative heating surface in the tubes (this number 
not being greater tlian the former nor less than 1), and extract the square root of 
the product: this root, multiplied by the constant number 3, will give the horse- 
power of the boiler required. 

29. Knowing the wide extension of a little practical knowledge of such matters 
amongst the great mass of our operative engineers to be of more importance than 
greater refinements of calculation confined to a few, the principal rales given above 
are converted to a shape suitable for the slide-rule, especially for their use; but it 
should be observed, that when Hawthorn’s slide-rule is used, the slider requires to 
be reversed as follows : 

■ 'No-.l. 

A I Diameters of aZ/tbe tubes in feet d. [ 5*7 constant number or g auge point. 

0 I Length of each tube in feet . L. ( S = effective tube^wrface in s^areyafidi. 

^' 2 . ■ . 

A I i the horse-power P. | R — fire-box surf ac e in square feet. 

0 I I the horse-power P. j S = tube surface in square yards. 

STOCKADE. — Stockade, or Stoccade, may be termed a solid barricade of timber, 
for intrenchments or redoubts ; it may 
be deemed a species of Pah used by 
the New Zealanders, or Palanque 
constructed by the Turks ; the draw- 
ings to the article * Petard’ give 
several examples of stockade. The 
construction may be either of square 
timber, musket-proof, or of trees with 
two sides smoothed off with an axe, to 
make them meet, having small loop- 
holes cut at the junction ; and the 
stockade ought to he so strong as to 
resist being forced, except by artillery 
or by bags of gunpowder: this last 
mode of destroying a stockade may 
be prevented by its being properly 
flanked by musketry fire, which is 
seldom the case with stockades. To 
make this species of defence secure, 
the timber should be sunk into the 

ground one-third of the height. Stockade for Intrenchments. 
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One objection to stockades for intrenching posts and fortified places is their 
liability to destruction by artillery before they are required : this might be obviated 
in permanent works for intrenching the re-entering place of arms of the covert-way 
or ravelin, or gorge by having narrow ditches or dykes, 12 or 14 inches 

wide and 4 feet deep, previously prepared in masonry, and covered over with slabs of 
masonry until wanted. . When an assault was apprehended, the timber for a stockade, 
kept on purpose in store, might be let into these crevices, and well wedged together, 
— a work, thus prepared, of a few hours, as explained in the preceding diagram. 

, G. G, L. 

STREET FIGHTING.=^ 

ON THE ATTACK AND DEFENCE OF OPEN TOWNS, AND 
STREET FIGHTING. 

Notwithstanding the very frequent success attending the defence of towns or 
streets by armed bodies, against even considerable forces of good troops, and the 
tremendous results occasionally arising from such resistance, no attempt seems to 
have ever hitherto been made to analyze the actual relative powder of the two parties 
attacking and defending, or to ascertain whether the advantages so often gained by 
the latter are precisely due to their real power, or might not be counteracted under 
proper principles adopted for the attack. 

In an enemy’s country the case is much simplified : a town so occupied is all 
inimical, and under the most desperate state of opposition; consequently in the 
attack there is no respect to person or property. If the houses are combustible, a 
ready means of subduing the place is within reach ; and if not, it is forced in 
different directions by siege operations, as practised by the French at Saragossa. 

On occasion of internal dissensions and insurrectionary movements, the case is 
different: the efforts of the troops and of the well-disposed citizens are greatly 
impeded by the difficulty of distinguishing between friend and foe, or of the premises 
or property with which it may be justifiable to interfere. This, and the very natural 
and proper anxiety to avoid bloodshed and injury to one’s own countrymen, fre- 
quently leads to a habit of temporizing with the circumstances, and by tliis indication 
of timidity and weakness gives such confidence to the rebels as tb enable them, and 
perhaps with comparatively insignificant numbers, to gain in moral effect as the 
others lose ; by degrees the wavering and the timid are led to join them ; the troops 
themselves imagine that there is a declared power manifested that is not to be 
opposed, and thus the former obtain a complete ascendancy, which the exertion 
of more firmness and system at first would effectually have prevented. 

The most arduous and difficult task for a British soldier is, when he is called upon 
to oppose tumults and insurrection. It is difficult for him and his Commanding 
Officer to know what is the extent of evil, provocation, or injury that will justify him 
in acting with vigour; and this feeling is increased by finding women, children, and 
many men who do not appear to participate in the violence, mixed up with his 
opponents, until by degrees he becomes surrounded and overcome by a mass which 
he could readily have subdued if allowed to act at the commencement; or even if not 
subjected to so great a disaster, by this temporizing in the first instance the move- 
ment gains a great head, the troops in force are obliged to act with determination, 
and a vast number of lives are lost that would have been spared by a more early 
exertion of energy. 


By Ifieut.- General Sir John F. Burgoyne, K. C, B. and K. E. 
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The best mstitutions of any cotintry become endangered by such a state of things; 
but a remedy may be found in a more systematic manner of proceeding. 

The troops should never be brought into the presence of the insurrectionists until 
fully authorized to act,— the consequence would be that the very appearance of the 
soldiers would be a warning to every one of the immediate consequences of prolonged 
opposition, which would prevent further conflict, or make it very short. 

The strength and organization of the polioe in all large towns in England now will 
enable this principle to be adopted, while it could hardly have been done formerly. 

When tbe magistrates find that the efforts of the police are insuflicient to establish 
order, the Riot Act should be read, and the troops then, and not till then, be brought 
into action: they would thus be aware of their authority to proceed without hesi- 
tation, and with decision and effect. 

In order to promote the power of vigorous action by the military, and to prevent 
the innocent from suffering, the most solemn warning shoxdd be issued in case of 
tumult, against tlie presence in the streets of women, children, and persons who do 
not join in the troubles, intimating that the consequences of any bad result from 
their being thus incautiously exposed must rest on themselves. These are necessary 
preliminaries to the consideration of the means of attacking an insurrectionaiy force. 

When disturbances are to be quelled in a town, cavalry, artillery, and infantry can 
act with full effect, and with every advantage of organization, so long as their oppo- 
nents occupy the open streets. If barricades are constructed across them, the cavalry 
become unserviceable ; the infantry, however, have still fullforee,— for one side of an 
ordinary barricade is as good as the ether,— and the infantry can cross any of them 
without difliculty. 

But when, in addition to barricades, the armed populace occupy the houses, and 
fire and throw down missiles on the troops, the columns of the infantry also become 
paralyzed and comparatively helpless, and after losing many men, they have usually 
been repulsed;— a discomfiture arising more from a want of system and of due 
preparation against such a defence, than from the inherent power of the insurgents. 

Should the eircumstances as above described impede the operation of cavalry or 
infantry, they should be respectively withdrawn from the direct attack, care being 
taken that this should not give any impression of which may be done by pre- 
paring the mind of the soldier, through instructions to the Otficers, that such would 
be the course of proceeding. 

When it is found that the insurgents have had recourse to the most determined 
means of resistance, by occupying the interior of houses in support of barricades, the 
mode of attack must be adapted to the circumstances. 

The operation should he conducted under due deliberation, nor would any triumph 
be conceded by a moderate pause. 

It win be readily ascertained what part or parts of the town are so occupied as to 
render f;he movement of the troops through the open streets unadvisaWe. 

An endeavour should be made to isolate those portions by detachments of troops 
posted at all the -approaches to them. This of itself would throw the rioters into a 
most uncomfortable and false position : they would find themselves shut up without 
any internal organization to enable them to act to any useful purpose, or to make any 
eombined forcible effort for their release ; — or, indeed, if they could do so, it would 
have all the effect of an escape instead of a victory. 

Nor would it be necessary, under such circumstances, that these detachments 
should be at all large, numbers of them being supported by some general reserve.* 

* At Beilitt, General Sclireckenstein, in answer to a deputation wlio came to remonstrate against 
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Active measures, however, might at the same time he carried on against any por- 
tions of the houses that it may be considered advisable to force, for the purpose of 
confining the resistance within narrower limits, or for subduing it at once altogether; 
and these should be conducted on engineering principles, and by Officers of Engineers 
and Sappers, where they are available. 

Although in towns the attack of a mass of houses is formidable and almost im-j 
practicable to troops unprepared for such an operation, it will not present much 
difficulty.’to a systematic proceeding. 

One great defect for defence in a house or street is its want of a flanking fire, 
although every part may obtain a suppoii; from the opposite houses in the same street. 
If therefore only one side of the street is occupied, individuals or parties moving 
close along that side are in security, except from the chance missiles that may be 
blindly thrown down from the windows. 

Nothing of that kind could prevent two or three Sappers, under cover of a partial 
fire on the windows, from passing up and breaking open the doors ; by which means, 
the troops being admitted, possession of the entire building would soon be obtained. 

When, however, from any peculiarity of the building, or of others contiguous, or 
from the circumstance of both sides of the street being occupied in f^rce, such a 
mode of proceeding would he too hazardous, the Sappers might make an entrance 
into the nearest available house in the same block of buildings, and, supported by 
detachments of the Line, work their way, through the partition walls, from one house 
to another ; or by the roofs or the back premises, where the defenders will be quite 
unprepared to oppose them, or, if they made the attempt, would not have the same 
advantages as in front : small parties, if necessary, keeping up a fire on the windows 
from the walls of the back yards, or from the opposite houses, would effectually cover 
these advances of the Sappers. 

To carry on such approaches, the Sappers should be provided with an assortment 
of crowbars, sledge-hammers, short ladders, and, above all, some bags of powder.* 

In these desultory operations in the defiles of streets and houses, the troops should 
not be in heavy columns, but in small detachments well supported ; and by acting 
thus in order, and on system, the effect will be the more certain, as a popular move- 
ment is, necessarily, without subordination or unity of action, and peculiarly subject 
to panics at any proceeding differing from what had been anticipated. 

The recent events in Paris, (in June, 1848,) and the mode adopted for the attacks on 
the barricades there, by an army of acknowledged skill and prowess, would seem to 
oppose the soundness of the principles here laid down : we cannot, however, abandon 
them, but must suppose either that the Generals, under too great a contempt of their 
opponents, acted upon the old impetuous system of a direct assault, on what, under 
the circumstances, were well-devised and most formidable retrenchments, — from not 
taking the trouble to consider whether a more judicious professional proceeding, and 
more certain in its result, might not have been adopted, — or w>-ere impelled by other 
causes with which We are not acquainted; for it appears almost incredible that an 
immense force of organized troops, even numerically superior to the insurrectionists, 
should have, for some days, to carry on a contest against them, with almost doubtful 
success, and attended with such prodigious losses. 

his proceedings to oppose the popular demonstrations, is said to have stated, that he would tell 
them candidly, that in the event of tumult or attempt to subvert existing institutions, his plan was 
to withdraw every soldier from the town, invest the gates, patrol round the walls, shut them up 
within,, and leave them to enjoy the effects of their misrule and misconduct; that he would not 
compromise a single life by street combat ; but if a man among them shewed himself armed outside, 
that he might beware of the consequences. 

* Not loss than 5 or 'dlbsr:; of powder will be required to break into strong doors well barred. 
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We are consequently, by this Tery example, rather the more inclined to maintain 
that in the attack of streets defended by good and well-supported barricades, it is 
most injudicious and dangerous thus to take the bull by the horns. 

The defence of towns, either without fortifications, or independent of them, is 
usually only undertaken by a population, or by troops essentially irregulars, in order 
to make rip by numbers, and the intricacies of position, for the disadvantage of 
inferiority in arms, [appointments, and organization, which renders them unequal 

It is seldom that effective troops can he spared for this service, but Officers, 
and especially Officers of Engineers, may be required to regulate such a defence. 

When an enemy's army is in a country, it will hardly he practicable to defend 
against it with any obstinacy a town the houses of which are combustible, — the 
attempt in such a case would he to occupy only some particularly strong public 
buihiings or churches, when circumstances may shew it to be advantageous to do so, 
in order to command a bridge, or defile, or to occupy some distinct point. 

The object then, however, partakes of the nature of the defence of single posts ; 
and not of streets, or of a town generally. 

When towns consist of strong-hnilt large stone houses, with massive doors, and 
iron bars covering the lower vnndows, as are common in the South of Europe 
and some other countries, they are capable of great defence : traverses may be 
thrown across the streets, flanked by the houses, all openings to the front may 
be substantially barricaded, loopholes prepared in the most appropriate situations, 
and communications made through the premises in the rear for support or retreat ; 
care being at the same time taken that this general defence cannot he turned, 
it is only to be overcome by breaching, and more or less of a siege operation. 

The strength of such a resource, however, is not limited only to that of the single 
covering above described ; but the preparations may embrace the successive jjefence of 
house after house, or at least he so arranged that every line penetrated shalX give 
the attacking party possession only of a certain given small portion of the town, 
leaving them not only the same difficulties to overcome in firont, hut perhaps also a 
continued occupation on their flanks. 

This was the manner in which the Spanish forces under Palafox, in 1808 and 1809, 
incompetent to resist in the field the superiorly organized Trench army, were enabled, 
combined with the population, to make such a prolonged defence in Saragossa after 
the fortifications had been reduced. 

A striking instance of the advantages that may be derived from the preparation of 
houses in streets in such towns, is afforded in the defence of Tarifa by the British in 
December, 1811. A week or ten days were sufficient for the French to lodge them- 
selves within a few hundred yards of the place, and to open a practicable breach in 
the old wall, which was the only cover ; during that time, however, the present 
I » icufe " Gc ne ral Sir C. F. Smith, then Commanding Engineer, was enabled rapidly to 
form an interior hold or intrenchment by barricading the streets, closing all accessible 
openings of the houses to the front, and preparing loopholes in the most advantageous 
places, so that he could state emphatically, that the place was then stronger than 
before it was breached ; and his confidence was proved to be so far well judged, that 
the storming parties were completely repulsed, and the siege raised. 


These, however, are the proceedings of regular troops, conducted under all the 
principles of the Art of War ; the considerations for the attack and defence are essen- 
tially to be founded on those which regulate sieges and the defence of fortresses. 
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Lodgements must be made, and tbe further progress will be effected by the mine, 
and other operations, which it is not the intention to describe in this article. 

There is, however, a consideration to be given to the necessity for the defence of 
towns, or premises within them, arising from the effects of popular tumults or insur- 
rectionary movements, totally distinct from the above. 

Very great results have been produced from such affairs, whidh, notwithstanding 
their importance, have in many instances, it is submitted, been conducted with great 
want of judgment. 

It becomes therefore a subject of interest to consider what principles nan be 
applied to proceedings of this nature. 

It is not the part of any Officer of Her Majesty*s Service to offer suggestions 
or instructions that would guide insurrectionists as to the best modes of occupying 
and making use of streets and houses to resist the 'constituted authorities. 

We pass, therefore, in our consideration of the subject of defence, to the objects 
for which a Government will itself require protection ffom mobs or insurgents. 

These will consist of the public offices, palaces, and great leading establishments, 
liable to attack, either for the purpose of embarrassing the Government or for 
plunder, as well* as any particular posts of defensive military importance, such as 
bridges, or other points affording the command of great communications. 

The leading principles to he adopted for the protection of these premises will be, — ■ 

I. To insulate them, or such masses of them as are to be held, as much as possible 
from connection with other buildings. 

Where this cannot be entirely accomplished, means must be prepared for securing 
an entry, and for turning the rebels at once out of such adjoining buildings as they 
may attempt to occupy for the purpose of annoyance, and if they afford any advan- 
tages, to connect them with the defence of the main buildings. 

Premises that are not absolutely contiguous may present windows or roofs capable 
of greatly annoying the defence; means must he especially prepared, if possible, for 
driving out any adverse force that might occupy them ; but if that cannot be done, 
in consequence of tlm difficulty of penetrating through the intervening space, or from 
any other reason, the prepared cover and protection must he adapted to reduce that 
inconvenience as much as possible. 

ir. Block up substantially all accessible openings from the streets that may not be 
immediately required, and apply musket-proof doors to those that must be maintained 
available; and if there may be a selection, let these be in parts where the approach 
to them is most exposed to fire from the building. 

III. All windows within tolerably easy reach of the ground to be secured by strong 
fixed iron bars or gratings. 

TV. Wherever the parties within are required to he stationed for the defence, they 
should be covered by some substance to act as a breastwork, that will resist musket- 
shot, having merely loopholes before them for their own use. 

This cover will only require to be to a height of 5 feet 10 inches or 6 feet above 
the floor on which they stand, consequently hardly so high as the top of the lower 
sash of an ordinary window. 

Where this may not have been prepared, and it is necessary to resort to a hasty 
defence, the upper floor of the building may be occupied, loopholing the floors, and 
barricading the staircase with chairs, tables, &c. At the sortie of the French at 
Bayonne, in 1819, a Captain Foster with a few men occupied the upper floor of 
a house at the advanced post, and defended themselves against repeated attacks 
until the sortie was over, when they were relieved. 

Even a blind or curtain drawn before a window is of •service, as tlie assailants 
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cannot see wlien there is any one behind it, bywhich to be guided when and where 
to direct their fire, wliile those within can take their shots from time to time, and 
instantly retire. 

On the floors also, above the level of the streets, even VTithout preparation, men 
will not he seen from the street when a little retired from the window, from which 
they can fire in a stooping posture, and then drop behind the window-sill. 

V. Obtain as much as possible on every side a defence by a jflmMng fim, This is 
of the greatest importance,— one loophole that a line may be worth twenty 
direct 'from' it.' ■ 

To an assailant it is the most discouraging opposition that can be afforded; every 
spot being seen from the flanks, there is less uncertainty and liability to false alarms 
as to the operation of the attack, the fire will be deliberate, thus economizing the 
ammunition, and finally much fewer men might eflectually defend premises so pre- 
pared. 

Flanks are more particularly necessary to command the entrances than for other 
parts, or, as a substitute, a machicoulis is the next best precaution. 

It is to be observed that where it may not he practicable to establish more than 
even a single loophole, the fire from it may be constant, and very heavy, by apifiying 
to it several men and muskets, 

VI. A perfectly free, light, ample, and secure communication should be established 
all through the premises that are under one arrangement within the enclosure, so 
that every post can he visited, reinforced, or supplied with anything needful. 

This requires little or no consideration in the case of an ordinary single building, 
hut will need preparation in extensive premises consisting of a complicated mass of 
buildings, with perhaps open courts, out-houses, &c. 

VII. If the establishment to be protected is within a city, and surrounded by 
streets and houses, it will be a primary consideration how it is to be relieved or with- 
drawn, or how it may be practicable to secure communication with it when neces- 
sary ; for posts may be exceedingly strong for self-defenGe, and yet be in danger of 
being isolated and cut off by a formidable insurrection. 

This was the source of the principal amount of disaster at Buenos Ayres, in the 
year 1807 : the British troops obtained possession of the different strong buildings 
thought necessary, in which they could defend themselves well; but the natives 
having occupied the adjoining buildings and streets, these troops could neither retire 
nor obtain support, and were consequently obliged to surrender. 

VIII. The nature of the roofs must be considered, for it may be possible by them 
to obtain many advantages : 

1. As situations for defence, giving great command, and flanking points. 

2. Also they may afford means of offence by a ready and easy way for penetrating 
into adjoining buildings. 

8, For lines of communication. 

To render them capable, however, of these services, the parapet walls must he high 
enough to cover the men behind them. 

The roofs may also require attention from the circumstance of their presenting a 
direction from whence an attack may be made on the garrison. 

General Observations and Jrranffemmk^ 

The best precautions the premises will afford must be taken against their catching 
fire : a free communication and constant observation, with tubs or even jugs of water 
about the house, will most probably afford means, by very early application, for ex- 
tinguishing any symptoms that might appear. 

Besides the posts allotted to the respective parts for defence, there will, of course, 
VOL. III. 2 Q 
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be a reserve selected from the best of the garrison to reinforce or support any point ; 
and should the enclosure be penetrated, the entrance would be only by a narrow 
opening, or defile, where this reserve would be able to attack the assailants to great 
advantage. 

Attempts will hardly be made to enter the premises by any other course than the 
doors or any very low and accessible windows ; it is tberefore to them that the prin- 
cipal resources for obstruction and defence will naturally be applied. On this account 
even a short preparation may atford a considerable power of resistance. 

Bars and struts may be applied that will render it very diflicult to force them by 
ordinary means. 

If not musket-ball proof, ^ which they never are, except where expressly made to be 
so for defence, the defenders may fire direct through them at persons attempting to 
force an entrance; and this would have the greater eifect, as it would, no doubt, be 
unexpected. 

Whenever a party have so shut themselves up for protection, it is most desirable 
that they should have plenty of provisions for the most extreme emergency that can 
arrive, so as not to require to open a communication to the exterior solely to obtain 
food, or to be without it for a single meal. A few bags of biscuit and some salt meat 
aiford the most perfect resource, but fresh bread and meat will suffice for most ordi- 
nary occasions. 

Whatever provision, however, may be made for food, it is indispensable to provide 
plenty of water to drink. 

A very important precaution is, not to waste ammunition; let the use of it he con- 
fined to what is really and absolutely required, and let it be applied only where it can 
be effective. 

Many a detachment or post has been driven to the greatest extremities for want of 
this precaution, and even when the inconvenience has arisen from a clearly thought- 
less waste dxmng the early parts of the contest. 

With regard to the general comprehensive arrangements for the protection of 
public establishments in a city, and for overcoming insurrection, it should be borne 
in mind that regular troops are most favourably circumstanced when enabled to act 
in masses and in the open field, and consequently have relatively the least advantage 
when shut up in sepai*ate detachments and posts, — and more particularly when those 
posts are within towns. Under the circumstances we are contemplating, they must 
be very much so distributed, hut it should be in as little a degree as possible, con- 
sistent with the security that it is absolutely necessary to give to the different situ- 
ations. 

Thus as many irregulars as possible, public servants, and well-disposed inhabitants, 
&c., should be armed and organized : these may he very effective behind the walls, 
if supported by a small detachment of the troops. 

The regular forces should be reduced in proportion to the less value of the pre- 
mises, or the comparative improbability of their being attacked; and, above all, 
no dispersion of the troops and means should be made among buildings within a 
town, either for the sake of obtaining cover, or under the idea of having generally 
a force in each locality. 

The best course is to occupy only the points that ace absolutely necessary, either 
on account of their own value, or for some military advantage ; to engage in them 


* To afford musket-proof cover under close fire will require a thickness of 4 inches of solid oak, 
8 inches of deal, between 3-l6ths and inch of iron plate, or from 4 to 8 or 10 inches of earth in 
sand-baga, ha proportion as it is loose or very compact and solid. 
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the smallest nuraber of troops that is consistent with prudence, and to have all the 
rest of the regular forces collected round the skirts of the town, or even at any dis- 
tance within about a mile^ and well prepared for penetrating in any direction, and in 
particular to maintain a certain communication with each of the occupied posts. 

Great advantage may frequently be obtained by studying the situations of the 
public and other premises requiring protection, with a view, as much as possible, of 
combining several into one system, by establishing free and secure mutual communi- 
cation with each other, and from one common centre of reserve. 

When so connected, it may be possible, in addition to other advantages, to cover 
openings for timely sorties by the defenders on the flanks of the assailants. 

However improbable may be the chance of the attack of public premises, it will be 
advisable not to lose sight of any of the above measures of precaution and arrange- 
ment that can be adopted without inconvenience to the accommodation, disfiguring 
the architecture, or hearing the appearance of ajjprehension. 

If attended to, everything required might be easily applied in the first construc- 
tion, and very much even subsequently. — F. B. 
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TRIGONOMETRICAL SURVEY. 

By this term is understood a survey founded on a regular system of triangulation, 
whether the object of it may he the accurate topographical delineation of a county, 
province, kingdom, or of any extensive portion of the earth^s surface, or the more 
philosophic purpose of determining the lengths of arcs of great circles of the earth in 
various latitudes, from which the figure of the earth itself may be deduced. 

Grand trigonometrical surveys have, since the vast importance of accurate maps in 
forwarding practical sciences has become acknowledged, been undertaken in India, 
America, and almost all the principal nations of Europe ; but though the principle of 
all such surveys, whatever may be their comparative magnitude, must be the same, 
the details of execution will necessarily vary with the circumstances of the country 
to be surveyed. In this article some of the apparatus and arrangements hitherto 
adopted, especially in the Survey of the United Eingdom, will he described ; but it 
must he left to the Engineer to select the particular system he may think best suited 
to the survey he is called upon to effect, and to adopt, modify, or alter the apparatus 
to suit the special circumstances. In all such w^orks he will readily perceive that the 
extent of accuracy which the operation requires must materially influence him in the 
selection both of instruments and of system. 

Selection of ground for a buse^ and -The ground selected 

should be as nearly level as possible* The soil should be firm. The extremities of 
the base should command a view of as many accessible elevated points as are neces- 
sary for the extension of the survey. 

The ends of the base ought to be marked in a very accurate and permanent man- 
ner, which is best effected by letting into a block of stone set firmly either in the 
earth, or in masonry, a metal wire, on the upper surface of which the precise point 
may be marked by a puncture or dot, of fineness commensurate with the accuracy of 
the measurement. Old guns may be fixed vertically, to mark by the axes of their 
bores the ends of a base. Wooden pipes are objectionable, because they decay in the 
ground. I^recautions to secure the marks from disturbance should not be neglected, 
nor the means of readily detecting such disturbance, should it have taken place. 
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A transit instrument, or a superior theodolite, will be necessary for arranging all 
the points of the base in one right line. 

Spirit-levels are required to regulate the heights of the ends of the measuring 
apparatus. 

Tents for the protection of stores and shelter of the party should be provided. 

A portable canopy for the measuring apparatus is desirable. (See Sketch, Plate 11. 
from Plate IX. in Capt. Yolland’s Account of Lough Foyle Base.) 

Carpenters^ and intrenching tools, as also earth-rammers and mallets, will probably 
be required. 

The party employed should be proportioned to the magnitude and importance of 
the operation. As a guide, the following return of the strength Of the party em- 
ployed on the Lough Foyle base is supplied. This base is nearly eight miles long. 
The number of Officers of Engineers was at first four, afterwards five. 


Return of the Effective Strength of the R arty employed in the Measurement of the 
Base Line on the Shore of Lough Foyle^ exclusive of Officers. 



Royal Sappers and Miners. 

1 Royal Artillery. 

Total No. of 
Military. 

Civil Labourers. 

General Total. 

Date, 

1 
i w 

Corporals. 

Buglers. 

Privates, 

Total. 

Serjeants. 

Corporals. 

"ai 

M'S 

Buglers. 

Gunners 

and 

Drivers. 

Total. 

1827. 















Sept. 

1 

1 

1 

12 

15 



4 


8 

12 

27 

4 

31 

Oct. 16 

2 

2 

2 

19 

25 

1 

1 

4 


21 

27. 

52''. 

3 

55 
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June 27 

I 

1 


3 

5 



2 


7 

9 

14 


14 

July 4 

2 

1 


5 

8 



8 


20 

28 

36 


36 

31 

1 

1 


6 

8 



6 


12 

18 

26 


26 

Aug. 31 

1 

1 


6 

8 



2 


5 

7 

15 

1 

16 

Sept. 30 

2 

1 


6 

9 



8 


20 

28 

37 

3 

40 

Oct. 31 

2 

2 


6 

10 



8 


21 

29 

39 


39 

Nov. 30 

2 

2 


4 

8 



5 


13 

18 

26 


26- 


Measurement of « This has been effected in various ways, all giving results 

not far from the truth, but some manifestly liable to en’or in a greater degree than 
others. Rods of seasoned deal will vary perceptibly in size according to the state of 
the air. Glass tubes, besides being liable to alter their length according to the tem- 
perature, are extremely troublesome to adjust so that confidence maybe felt in the 
result. Steel chains cannot be equally supported at all points, and when stretched 
by a weight are liable to alter their length, especially with the varying tension con- 
sequent on difference of temperature. And the compensating apparatus is superior 
only when the bars composing it are at exactly the same temperature, and have been, 
by suitable coatings or surfaces, rendered proportionally (with respect to each other) 
susceptible in all temperatures. 

The errors consequent on change of length by temperature in any ordinary mea- 
suring apparatus, such as glass rods, or chains, are of course removed by properly 
applied corrections ; but in the compensating bars the correction is a mechanical one, 
and to be satisfied of its perfect action, the coincident temperatures of the bars 
should be as carefully observed as in the other cases, to deduce the amount of cor* 
rection. 

The compensating bars may be considered the most accurate, the glass rods and 
steel chains about equal as regards accuracy, and the deal rods the least accurate. 
Yet as, in certain situations, and for certain objects, despatch and economy may 
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clemand as mucb regard as extreme accuracy, an OMcer will judge from the following 
comparison how nearly he may hope to approach the truth with deal rods, glass rods, 
or the steel chain. 

The length of the base on Hounslow Heath, as found 

Feet.' ' ■ 

By deal rods . . * . / , 27,405*7607 

By glass rods . . . • • • 27,403*38 

By the steel chain . . . . 27,402*38 

the extreme ditference being 3 feet 4 inches in a distance of rather more than 
■five miles. , , ■ , 

In using rods of deal or glass, care must be taken — 1st, that they are trussed 
laterally and vertically; 2ndly, that they are laid always in the same right line, 
wdiether it he in a horizontal plane or the hypothennse of a right-angled triangle; 
3rdly, that whether they are brought together by contact of the ends or by co- 
incidence effected by placing them side by side, so that two fine transverse lines on 
either rod may be in one straight line, the junction is equal in all cases ; and 4thly, 
that the temperature of the rods at every stage of the measurement is registered ; so 
that the total number of lengths may be reduced to one standard temperature. 

In using a steel cliain, the same care as to contact is necessaiy, as is also 
precaution against flexure. The chain must be stretched always by the same power, 
and that power must be so proportioned to its strength, that there shall be no danger 
of the length being increased. The temperature must he noted in this case also. 

With the compensating bars, as used in the British Survey, neither contact nor 
coincidence could he adopted, connection being effected by intervening microscopes ; 
and the precautions to he most insisted on are, that each pair of bars should he quite 
horizontal, and that the measuring points should be always in one vertical plane. 

The deal rods used in England were 20 feet long, 2 inches deep, and 1^ inch 
broad ; the ends were tipped with hell-metal. The method of measuring by coinci- 
dences of the transverse lines was thought more accurate than that by butting 
the ends one against the other ; hut it was found so troublesome in practice, that, 
after a few lengths had been measured, it was abandoned, and the other mode 
adopted. The ground on which they were used not hmng level, it was divided into 
several parts, and each part represented the base of a right-angled triangle, the 
perpendicular of which was a vertical line. The lines actually measured were the 
hypothenuses of these triangles (each 30 rods long), and their bases, whose sum 
made up the base of the survey, were found by computation, the height of the 
perpendicular's having been ascertained by the spirit-level. The rods were supported 
on trestles from 2 to 3 feet above the ground: a plumb-line marked the extremity 
of each day’s work. The plummet vibrated in a brass cup of water placed in a hole 
in the ground; it was fenced round for the night, and a watchman guarded the 
ground till operations were resumed. 

The steel chain was 100 feet long, each link a parallelepiped, half an incli square, 
and 2| feet long ; there were, therefore, forty links. In measuring, it was placed on 
coffers, which were supported by posts driven into the ground. A weight of 56 tbs- 
at one end, and a screw at the other, stretched and adjusted the chain. A moveable 
scale, supported on a post, but entirely independent of the rest of the apparatus, was 
made to mark accurately the end of each 100 feet measured, and the commencement 
of the 100 feet about to be measured, so that one chain was sufficient for the work. 
Nevertheless, as the end of a 100-feet chain might sometimes fall in a ditch or other 
irregular ground, a second chain of 50 feet long, and laid off from the same standard 
as the 100-feet chain, was kept ready for such a contingency. 



I 

i 


594 


SURVEYINOt 


The expansion of a foot of the glass tube and of a foot of the steel for every 

degree of the thermometer was ascertained by a microscopic pyrometer. 

The compensating bars used in Ireland measured each a distance of exactly 
10 feet between the compensating points. The following will explain their con- 
struction: 

“ Let a h V, be two bars of brass and iron joined together at their centres by a 
steel bar, but free to expand from and contract towards their centres, inde- 
pendently of each other ; a % a' n', are fiat steel tongues at the extremities of these 
bars, moving freely on conical brass pivots, allowing them to be inclined at small 
angles with the lines perpendicular to aa'\ h h\ (Fig. 1, Plate III. Lough Foyle 
Base.) 

At the temperature of 62° Fahrenheit, the bars are assumed to he precisely of 
the same length, and the tongues consequently at right angles to aa!, i V. 

“ Imagine these bars to receive an increase of temperature and length, and, from 
the inequality in their expansions, the brass to become ce', and the iron id', the 
position of the tongues now being edn,d Sri-, it wUi then be apparent that if the 
points be so determined that 

i : an : 


Tj» * ^ 1 exnansion distance of the distance of 

Expansion of the brass : : : compensated : the compensated 

point from the brass point from the iron, 

the positions of the points n n' can only vary within very narrow limits for any 

differences of temperature arising from atmospheric changes.” 

In arranging these bars for measurement, triple microscopes, also constructed on a 
compensating principle, measured an equal interval between the points of every two 
adjacent pairs of bars, and thus all danger of disturbance by contacts was avoided. 

The following are the reductions and reduced lengths of General Roy’s base 
measured with glass rods ; 


Hypothenusal length of the base as measured by 1369*925521 glass 
rods of 20 feet each + 4*31 feet, being the distance between the 
last rod and the centre of the north-west pipe , , , , , , ^ 27 402*8204 

Reduction of the hypothenuses to be subtracted . , , , . . , 0*0714 

Apparent length of the base reduced to level of south-east extremity 27,402*7490 
Add the difference between the expansion of the glass above, and 
contraction of it below, 62 ° . . . . . . . . / / ^ ^ 0*3489 

Add also the equation for 6° difference of temperature of the standard 
brass scale and the glass rods, between 62° and 68°, the temperature 
at which the rods were laid off ..... . (\.oqca 


Length of the base, in temperature 62°, reduced to the level of the 
lower extremity 

Keduction from the height of the lower end of the base above the 
mean level of the sea, supposed to be 54 feet 

True length of the base reduced to the mean level of the sea 


27,404*0843 


27,404*0137=*' 


A base may be tested by dividing it into two parts and using one part as a base 


it i*, “i f 593, because 

It 13 there reduced to the standard from which the steel chain was laid off. 
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from whieli the other part may be fomid. trigonometrically* After being tested in 
this way, a base may be prolonged by the same means with the greatest accuracy. 

This method of throwing out perpendiculars at the end of a measured line, and 
then extending it thus by triangulation in successively 
augmenting lengths, has been adopted by preference in 
some cases to an actual measurement, and wherever 
it is only possible to secure a very small portion of 
good ground, it deserves such preference. It was 
adopted in the Irish Survey in order to extend the 
measured base to a favourable point for observation, 
over a tract of sand-hills. By such an arrangement \ / 
very great care may be bestowed on the measurement t;"' 

of a small base, without incurring the great expense '' 

of a more protracted measurement, and for minor 
surveys, therefore, it is a most valuable method. 



Grand Triangulation — Elevations and Depressions— Observations of tJie Pole-Star. 

It has always been a maxim in England, among those who have conducted our 
grand trigonometrical operations, that reductions in the office should be avoided by 
every means that science and art afford for perfecting the field operations. The 
time and labour expended by ns in the field are therefore considerable ; but it is 
hoped that the precision of our measurements and observations is considerable also. 
The circle of repetition, so generally used by the French, has not been adopted by 
our Engineers; and our instruments are less portable and less expeditious, but 
capable of being accurately adjusted to the plane of the horizon, and the vertical 
plane, and of being placed exactly over the station. The principle of these instru- 
ments is of the same nature as that of the theodolite in general use ; but their form and 
construction are peculiar, and designed to secure the utmost precision. The largest, 
or Rarasden’s great theodolites, made for the Royal Society and for the Ordnance, 
have a horizontal circle of three feet diameter, connected by strong radii with a 
hollow conical axis two feet high, which is a socket for an interior axis rising from 
the base of the instrument. The exterior axis carries two arms for the support of a 
powerful telescope. The reading is effected by means of microscopes which are 
attached to the base of the instrument. Their number was originally two, placed at 
180® interval ; but it has been increased to four in the Ordnance Survey instrument, the 
additional microscopes being so placed that, together with one of the original micro- 
scopes, they divide the circle into three equal parts or into divisions of 120®, and it 
has been customary to record the mean of the two opposite microscopes marked 
A B, but to use for the calculations the mean of the three a c » only the object 
being the more effectual correction of errors from eccentricity. In the instrument 

* On the azimuth circle of the large theodolite used on the triangulation 
of the Ordnance Survey, the original verniers were only at the two oppo- 
site points A. and B, the mean of the readings at which were, of course, 
always taken. Subsequently, the verniers at c and d were added, each of 
them equidistant 120° from a, and also from each other. It has since 
been sometimes the custom, first to take the mean of A and b, and after- 
wards the mean of AC and », and to consider the mean between these 
two valuations as the true reading of the angle : this method has, how- 
ever, been objected to as being incorrect in principle, an undue importance 
being given to the reading of the vernier a, and also in a smaller degree to 
B. The influence assigned to each vernier is, in fact, as follows : — a . ft ; 

B . 3 ; c and d, 2 each.~0«Wme of the Method of conducting a Trigono- 
metrical Sureeg, By Captain Frame, B.E. 
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belonging to the Royal Society four additional microscopes trere placed, so that 
fte tirde IS divided by them into six equal parts or divisions of 60 degrees; and the 
mean of the six is then taken as including in itself each case of correction. 

The miwoscopes axe micrometers, the minutes being shevm by a divided scale, and 
the seconds by a graduated circular rim attached to the screw-head, which moves 
the biserting wire of the microscope. It is of course necessaiy, before commencing 
observations, to adjust the zero of the scale and that of the micrometer screw-head to 
each other, and also to adjust the several microscopes to each other; which is readily 
done causing the bisecting wire of any one microscope when over the zero of the 
sc^e (the index of the graduated micrometer rim being also at zero) to bisect a dot 
of the circle, say 0 —60° —120°, or any other, and then carefuUy adjusting every 
other microscope to the dot corresponding to its relative position. 

The vertical circle is fitted to the transverse axis of the telescope, and its divisions 
read by a microscope on an index fixed to the arms which support the telescope. The 
telescope can be inverted in its supports or Y’s. The parts of the instrument are 
capable of the most dehcate adjustment, and no skiU nor expense has been spared 

that could contribute to their efficiency. ^ 

Each instrument, when not in use, can be enclosed in a wooden case, and travels 
in a spring waggon constructed to receive it and its stores. It is carried by hand on 
a cradle, up hiUs impracticable for wheeled vehicles, and hoisted by 

power to the tops of buildings. 

An instnimeut 18 inches in diameter, and of a construction similar to that of the 
three-feet instrument, has been used in situations to which the greater instruments 
cannot be conveyed. 

t "“a ^‘J'^ring in construction from the great 

theodolite of Ramsden, was made by Messrs. Troughton and Simms for the SnrvTy of 

instrument is two feet in diameter, and fixed, 
whilst the readmg microscopes are moveable, being attached to arms projecting from 
the moving axis; whereas in Ramsden’s theodolite the microscopes are fixed ^d the 
divided circle m moveable. In Ramsden’s instruments the brass cone to which the 
cncle IS attached, as well as the apparatus for carrying the Y’s of the telescope 
moves lomi s ong veitical steel axis, so that the telescope cannot be reversed with- 
out being lifted out of the Y’s: in Troughton’s the axis is very short, and the 
telescope is supported by piUars rising from the axis, so that it can be reversed 
TOtlmut removM. This important difference of principle, whUst it faciUtates the 
apphcation of the instrument to the determination of vertical angles, renders the 
pr^ervation of its level uncertain ; and although it has been so modified as to give, in 
ilful hands, results equal to those of the three-feet theodolite, it is still considered 
an instrument of very difficult use. It was furnished originally with a 

Tolland’s opinion 

neither of these instruments is equal to the requirements and resources of modem 
^ lence an opinion shared by at least one of liis predecessors, who had a lone expe- 
nence of the use of the three-feet theodolite ; and it is to be hoped therefore that an 
opportunity wiR be afforded during the progress of the Survey to Captain Yolland to 
bring forward an improved construction, so that the British Survey may take the lead 
Tbil measuring angles, as it has done in the apparatus for measuring 

iMtruments whose circles are divided from 0° to 360° are, e<Bteru paribm, much 
to be preferred to those whose circles are divided from 0° both ways to 180° 

stily 




SUKVEYINOa. 59f'' 

1. That the centre of the instrument he placed vertically over the centre of 
the station, so that the two centres may he in the same vertical line. 

2. That the instrument he insulated from all parts of the observatory. 

3. That the footing of the instrument he perfectly secure and constant 

On buildings, or artificial stations, these effects must be secured by means adapted 

to the particular circumstances of each case ; hut on open or natural stations the 
instrument must he supported on wooden posts, firmly tied together, and either 
resting on a rock, or driven into a substratum not liable to transmit vibrations from 
any lateral shock. The frame-work and floor of the observatory must he entirely 
separated from the supports of the instrument,* so that the latter may be perfectly 
insulated, and secured from the influence of the vibrations of the floor. In rock the 
transmission of vibrations is so very imperfect, that, though the supports of the floor 
and those of the instrument are kept distinct, they may all rest upon the rock; but 
in soft ground it would be frequently necessary to sink a shaft in order to secure a 
non- vibratory stratum for the support of the instrument, the observatory resting on 
the natural surface. 

The portable observatories are furnished with strong gny-ropes to support them in 
the exposed situations where they are commonly set up. 

A party of ten or twelve men accompanies the instrument; and these must 
be accommodated in tents or portable huts, and carry a camp equipage sufficient for 
their wants at remote and exposed stations. Plate L is asketch of an encampment. 

In any series of observations the telescope should be always directed on the objects 
by the same person ; and each microscope should he read by the same person, 
because of the difference in men's visions. 

At every observatory station, an object near at hand, and likely to be visible in all 
states of the atmosphere, should he selected as a referring point, and observed in each 
series of observations. Between two successive sets of observations the position of 
the horizontal circle should be changed, so that the hearings of the several objects 
should be read on different parts of the circle, and errors of division he, as much as 
possible, neutralized. It is not necessary to set the zero of the circle to any one 
object, nor to adjust it to the index of the vernier or zero of the microscope ; as the 
observation, in every set, of the referring point, enables the bearings of all other 
objects to be referred to it as a zero point, by the subtraction from the respective 
bearings of an angular quantity, namely, the bearing of that referring point in that 
particular series. 

It is proper also to invert the telescope in its Y’s occasionally, so that the successive 
series may be taken with the telescope in the one or in the other position, alternately, — 
as well to compensate for errors of collimation as to guard against an unequal wear 
of the. axis,. ■ ' | 

A long series, including principal stations and minor objects, is liable to interrup- i' 

tion or vitiation by sudden or partial atmospheric changes, or by the instrument 
falling out of level. On the other hand, the general accuracy of the whole work is I 

advanced by having as large a number of points as possible observed under the same . 

circumstances, which can hardly be the case if they are observed in different series ; 
as the parts of the circle on which the bearings are read, the temperature, and state | 

of the atmosphere, will probably be changed, and there may be a different observer. 

An Officer must therefore be guided in the arrangement of his series of observations 
by the time at his disposal for the completion of the station, considered in connection f 

with the season of the year and the prevailing weather. I 




♦ See article ‘Observatory.* 
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The nearer stations will be often visible when the more remote are hidden by 
vapours, therefore the observations to the former will exceed in number those to the 
latter. It will be hereafter seen how the number of observations to any two objects 
affects the value of the contained angle for calculation. 

Any principal station ought to be observed not less than three times from any one 
station of the instrument. 

The depressions and elevations are found by setting the telescope horizontal by its 
level, and at the same time adjusting the index so that it shall read zero ; or, if it be 
preferred, the exact reading of the index, when the telescope is level, may be registered, 
and the error, if any, allowed for. Then by directing the telescope on the base or 
some appointed part of the object, the angle contained betw^een it and the plane of 
the horizon is measured on the vertical circle, and read by the microscope at the 
index. 

It has been the custom to measure first the horizontal bearing of an object, and 
afterwards its elevation or depression. 

To find the direction of the meridian at any station, the angles contained between 
any fixed terrestrial object and the greatest apparent eastern and western elongations 
of the pole or other circumpolar star may he observed. The mean of these observa- 
tions is the angle contained between the pole and that object. The most convenient 
object from which to measure the direction of the meridian will he the referring 
object before mentioned. 

As some of the observations have to be effected by night, it is necessary on such 
occasions to illuminate the wires of the telescope and also the referring object. To 
admit of the illumination of the wires, the transverse axis of the telescope is made 
hollow, and has an elliptical illuminator in the centre ; its end is covered with glass, 
so that the light of a lamp placed for that purpose on a stand enters and is thrown 
on the wires. The referring object can be easily constructed so as to have a lamp 
fitted to it for nocturnal observations. The times of the greatest elongations of the 
pole star* must be calculated from astronomical data, and the observer must ascertain 
the right moment by means of a chronometer or good watch. 

The true meridian may also be determined by observing Polaris or some other 
convenient star frequently when near its maximum elongation, in successive bearings 
the times of observation being accurately noted, and then by calculation deducing 
the true bearing of the star when on its meridian. With the repeating circle this is 
the necessary arrangement. These methods are intended to secure a degree of 
accuracy in the azimuths corresponding to that obtained in the distances betw^een 
objects ; as vrithout such accuracy latitudes and longitudes could not be determined 
geodetically with sufficient precision. Tor more ordinary purposes, when the object 
is merely to determine with a moderate approach to accuracy the variation of the 
needle, or place the meridian on a map or plan, equal altitudes of the sun may be 
.'■used.'t ■ ' ■ ■ ■ ■ , , ■ ■ ' ■ ■ ' 

All observations should be recorded in ink ; and if the observer have any reason 
to doubt the accuracy of an observed bearing or series of bearings, he should record 
his opinion at the time. 

The date, name of the observer, and state of the atmosphere, should be recorded 
with every series. 


Corrections in the record-hook should be made by scoring out with the pen the 



♦ This is not applicable in Southern latitudes.— 

t Allowance being made for the sun’s change of declination during the interval. Equal altitudes 


of a star require no such correction.— ErfiYors. 
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incorrect word or figure, and writing the correct one over it. Erasures with a knife 
should never be permitted. 

The accuracy of the results of triangulation must mainly depend on the care with 
which the stations for observation are preserved and identified, and on the stability 
secured for the instrument. When the points for observation have been selected, 
they should he marked with an accuracy corresponding to that expected in the 
observations from and to them. In treating of the measurement of a base, the more 
delicate modes of marking the centre of a station have been pointed out, but it has 
been usually considered sufficient to mark the centres of ordinary stations by a 
jumper-hole in the rock or in a large stone buried about two feet under the surface. 
On the British Survey the object to be observed is either a pole or staff, the low'cr 
portion of which is surrounded by a conical pile of sods or of stones, or the simple 
pile itself. In either case, the strict verticality of the object must be carefully 
insured. During the earlier years of the Survey a pole was placed in every pile, to 
assist the eye in the bisection; but of late years it has been considered sufficient to 
build carefully the pile concentric with the station, as the pole was thought to take 
the wind and draw out of the perpendicular, and tend to shake down the pile. On 
the hills of Scotland it would have cost some labour and expense to convey poles to 
the hill-tops, and in the lower grounds the peasantry are tempted to destroy the pile 
for the purpose of appropriating the wood. The piles vary in height according to 
the distance from which they are to be observed, from 12 to 18 feet, with a diameter 
of base sufficient to give stability. The poles or staves have varied from 24 to 30 feet. 
When a building is the point to be observed, some definite and readily recognizable 
part should he selected, and if there be none such, a pole or other object should he 
raised upon or fixed to it, as the observation of the apparent centres of large buildings 
is a Very rude process and leads to much inaccuracy. In addition to these ordinary 
inodes of marking stations, which will, of course, he modified by every ingenious 
Engineer so as to meet the requirements and resources of the country he may he in, 
it is frequently necessary to use more refined methods of exhibiting to a distant 
observer the point to be observed, and this more especially in countries where a hazy 
or misty condition of the atmosphere prevails. Atin cone or sphere has been ob- 
served as a very brilliant object, but as it exhibits varying phases it is objectionable; 
and this objection applies even to stone piles when not provided with central poles, 
as they are often partially and brightly illumined, and are then liable to be observed 
incorrectly, the apparent not being the true centre. Metallic plates have been fixed 
to a pole and arranged in angles corresponding to the varying altitudes of the sun; 
but this, though an ingenious, is a very troublesome, method of insuring a reflection 
of light in a definite direction. The Drummond light, or the intense light evolved by 
lime when brought to a state of high ignition by the action of the oxy-hydrogen blow- 
pipe, was used once on the Irish Survey ; and judging from its brilliancy on that 
occasion, it cannot be doubted that for any particular and very distant object where 
a night signal is desirable, the Drummond light may be used with effect and for any 
distance; but the skill and attention necessary to prepare the oxygen gas and to 
watch over the lamp and reflection will prevent its use on lofty mountains or in 
ordinary circumstances. The Heliostat, or Heliotrope, is the instrument which, from 
the facility of its application, has been most approved by modem Geodesists. There 
are several forms of this instrument, such as that of Gaus, used on the Continent, and 
that of the late Captain Drummond, used on the British Survey. The object of such 
instruments is to insure the reflection of the sun^s rays in some definite direction by 
a mirror, the movement of which is adjusted to the motion of the sun. In Causes 
Heliotrope the mirror is small, and when the observer looks through a telescope 
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which forms part of the instrument, at the station to which the reflection is to he 
made, he sees (if he has rightly adjusted the instrument) a reflected image of the sun 
before him, and knows that its rays are then reflected from the mirror in the right 
direction. In the original Heliostat of Captain Drummond also there was a tolerably 
good telescope for determining the line of direction; and the mirror, which varied in 
size from 8 to 12 inches square, was adjusted by machinery connected with a small 
telescope, with which the observer followed the motions of the sun. This, though 
ingenious in construction, was troublesome in use, and was replaced by a very simple 
anwngement, also devised by Captain Drummond. The line of direction being first 
determined approximately and then marked by means of a small theodolite or other 
instrument on the ground, a small brass ring is placed about 60 Or 60 feet in front of 
the mirror, being adjusted as to height to the degree of depression or elevation which 
may be required. The operation is now perfectly simple, as the person in charge of 
the Heliostat merely moves the mirror horizontally and vertically until he observes 
the ring before him illumined by the rays reflected from its surface, as it is then mani- 
fest that the reflection is made in the required direction. As this very simple 
arrangement has been found eifectual with distances exceeding 100 miles, it appears 
to require no further recommendation for the greater distances, and as small circular 
mirrors of 4 inches diameter are amply sufficient for distances of 30 or 40 miles, they 
can be readily applied in low situations, where it is often extremely difficult to discern 
an opaque object. In the Survey of Ireland they were extensively applied in this 
manner, being packed in a leathern case slung over the back of a soldier who went 
from one station to another, and thus enabled the observer at a station to include 
in his observations many of those difficult minor objects in the low country around 
him which would perhaps, without this aid, have baffled his efforts to see them. 
A common mechanic may construct one of these simple heliostats, and they may 
therefore be applied under almost any circumstances, as was done by Mr. M'Clear at 
the Cape, who used a simple chamber looking-glass fixed in by swivels to a double 
frame. 

When the instrument leaves a station, the posts on which its feet rested are left in 
the ground, as well as the centre stone. The description of each station, with its 
distances from permanent objects, should be recorded at the time of its selection, to 
prevent the possibility of its being lost. 

It is most desirable that, in the grand triangidation, all three angles of each triangle 
should be observed* 

As a guide in the selection of stations, it should he remembered that the conditions 
which afford the greatest probability of the smallest eiTors are these : 

1st, That the angle opposite to the measured side be less than a right angle ; and 
2ndly, That the angles adjacent to that side be nearly equal. These conditions will 
be best fulfilled, on the average of a series, by maldng the triangle as nearly as 
possible equilateral. 

The Secondary Triangulation will not require a lengthened notice, as it is simply 
the breaking up of the grand triangulation into smaller triangles, and these again 
into still smaller triangles having sides not exceeding two miles in length, and is 
founded on the same principles. The angles are taken with instruments of 12, 10, 
and 7 inches diameter. The stations are marked either with small piles of earth or 
stone, or by poles. The minor stations being necessarily in fields, villages, gardens, 
&c., where they are liable to he disturbed or defaced, it is desirable that a district 
should he speedily completed, and the detail survey commenced as soon as the 
distances can be computed. Therefore many instruments should he simultaneously 
employe^ at this secondary triangulation. 
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It is not always necessary to erect an observatory; but to shelter the mstriiments 
and observer when an observatory is dispensed with, one of the assistants carries a 
large chaise umbrella, or any other description of simple screen.f 
Sector Ohsenations.^f ox purposes to be hereafter mentioned, it is requisite to 
measure the zenith distances of known stars at certain of the trigonometrical stations. 
This is effected with an instrument called the * Zenith Sector rV it is of various con- 
structions, which it is not necessary here to detail, but the general principle is 
as follows. Two strong bars or pillars are joined at one point only, which is the 
centre of the instrument. One of them is immoveable and vertical, the other has a 
motion in a vertical plane round the centre, limited according to the lengths of the 
arcs to be measured. The moveable bar carries a telescope, to be directed on the 
object whose zenith distance is required. The angle contained between the vertical 
line through the centre of the instrument and the axis of the telescope directed 
on the star is the zenith distance, which must be measured on the arc of a metal 
circle attached to either the fixed or the moveable pillar- 
The construction of the Sector now in use on the Ordnance Survey is quite new. 
The vertical bar is furnished with two concentric graduated arcs, one above and one 
below the centre, and the axis of motion of the telescope is at the middle of its 
length. At the eye end, cast in the same piece with the tube of the telescope, one 
on either side of it, and looking towards the lower arc, are two microscopes, and the 
same at the field end. The mean of four readings is therefore obtainable for the 
hearing of the axis of the telescope as shewn on the arcs. The whole instrument 
can he suddenly turned round 180® in azimuth by means of a stop; and it must be 
so turned between every pair of observations of the same star. It stands in a sort of 
tray, in which are strong screws for adjusting it in the plane of the meridian ; and 
the vertical bar has three levels behind it ; a clamp and tangent screw arrest and 
regulate the motion of the telescope, and a micrometer wire in the focus of the 
telescope is moveable by a screw, over the field. 

Suppose the instrument set up and adjusted to the plane of the meridian, and that 
it is intended to measure the zenith distance of a star ; two persons must take part 
in the operation. The direction of the star when on the meridian being approxi- 
mately known, the telescope is set accordingly, and clamped before the time of 
culmination, and the four microscopes read off and registered, as also the inclination, 
if any, of the levels. Then when the star appears on the field of the glass, it is 
bisected with the micrometer wire before it quite reaches the meridian, and the time 
noted ; thus the hearing of the line from the eye of the observer through the wire to 
the star is already registered. The instrument is then reversed by the stop, and 
the levels again read by one person, while the other again bisects the star, but this 
time with the tangent screw, the micrometer wire remaining as at the first obser- 
vation; and the time is again noted. The four microscopes are then read again ; 
and the difference of the two readings is, of course, double the zenith distance of the 
■star.' V ■ 

Computation of Distances^ Altitudes^ Latitudes, and Lmgitudes , — The mean value 
of each of the angles of a triangle having been found from the obsemtion hook, 
their sum ought, strictly speaking, to equal 180® + the spherical excess. To compute 
the spherical excess, ^Let A, B, C denote the angles of a spherical triangle, rthe 
radius of the sphere expressed in feet, ir = 3*14159 the ratio of the circumference to 


t To shelter the instruments and also observers from the weather, portable observatories are used, 
as described in the article * Observatory, Portable/— 

♦ Rule by Mr. Airey, Astronomer Royal. 
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the diameter, and S the number of square feet in the surface or area of the triangle 
then, by trigonometry, 

„ A + B + C - 180° 

^ 


Let E denote the spherical excess = A + B + C — 180°, then E ~ in 

, S X 648000^ 

degrees, or E= expressed in seconds. 

In any triangle wliich can be measured on the surface of the earth, S is very small 
in comparison of and therefore E is a very small quantity. (In practice it seidoin 
exceeds four or five seconds, though in some of the large triangles observed in the west of 
Scotland, 'whose sides exceed 100 miles, it amounted to thirty or forty seconds.) 
Hence an approximate value of S will enable us to compute E with sufficient preci- 
sion. For this purpose, therefore, the triangle may be regarded as a plane one ; and 
on denoting by 5,e, the number of feet in the sides respectively opposite to A, B, C, 
we shall have for the area, S = ^ a h sin. C. Substituting this in the formula for the 
spherical excess, we get, in seconds, 

_ « J sin. G X 648000 


In order to compute the spherical excess of any triangle, it is necessary to know 
the value of r, the radius of curvature of the spherical surface. Now, the curvature 
of the arc joining any two stations on a spheroid varies with the latitudes of the sta- 
tions, and also with the direction of the arc in question in respect of the meridian; 
hut for the present purpose it will, in general, be sufficient to assume the value of r, 
which corresponds to the curvature of the meridian at the mean latitude of the sta- 
tions, and even to suppose it constant for a whole series of triangles contained 
between two parallels of latitude not distant more than a few degrees. If, however, 
the triangles are very large, it may be necessary to compute more accurately; and in 
such cases the nearest approximation to the true spherical excess will be found by 
computing, for the mean latitude of the three stations, the curvature of the meridian 
and of the circle perpendicular to the meridian, ^ 

and taking the mean of the two for the value ^ 

of r ; or, which is nearly the same thing, by 

computing the radius of the vertical circle / \ \ 

which cuts the meridian at an angle of 45° at / \ \ 

that mean latitude. / \ ^ \ 

To find the radius of the meridian. 1 

Let ALP he the arc of the meridian passing \ \ / 

through the station L, A C the semi-diameter of \ ^ / 

the equator, C P the semi-axis, L M the normal 
at L, meeting P C produced in N. Assume a =* 

CP, ^ = A C, and e = the ellipticity, or such 

that 5 (1 + e)f and let I he the latitude of L, and R the radius of curvature of 

the meridian at L ; then 

Rr=a(l — e + 3c sin.^ if) ( 2 ). 

Next let R' be the radius of curvature of the arc perpendicular to the meridian at L ; 
then R' != L N, the normal extended to its intersection with the polar axis. Now 
let « = L M, the normal at L ; then, by conic sections, R' : « : : ^ 2 . ^ 2 . i^^hence 
R' =5 (1 + e)^ n. But « = « (1 — c cos .2 i) ; therefore, rejecting terms containing the 
square of e, as insignificant, we find 

R'-a(l + e + esin.2/) ( 3 )^ 
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To find the curvature of the oblique circle, let r he the radkis of cuiTatiire at the 
point L of a section of the spheroid containing LN, and making with the meridian an 
angle = 0 ; we have the following expression found by Euler j 

^ R sin,2 0 + C0S.2 0 ' 

This last expression may be put under a form more convenient for calculation. 
Dividing both terms by E', substituting 1 — sin.^d for cos.2 0, and converting the 
result into a series, all the terms of which after the second may he neglected, We get 

r= R(1 + . . . . . (4)- 

^ Since in any circle the length of a degree is proportional to the radius (it is found 

^ by dividing the radius by the constant number 57*29578), if we make M = the length 

‘ in feet of a degree of the meridian at L, P = the length of a degree of the perpendi- 

cular arc, and D w the degree of an arc which makes with the meridian an angle ~ 0, 
w^e shall have also 

P — M 

D = M(1 + l~^sin20) (5)^ 

which is the expression usually given, and by means of which the length of the 
oblique degree is found in terms of the degrees of the meridiatt and perpendicular. 

Having computed the spherical excess E from approximate values of the lengths of 
the sides (obtained by supposing the triangle a plane one), the sum of the three 
! observed angles should he = 180® + E. But as every observation is attended with 

some degree of uncertainty, the probability is infinitely small that the sum will he 
precisely equal to this quantity in any case. The difference (which in general will 
amount to some seconds) is the error of the observed angles; and the next question 
to he considered is, how should the error he apportioned among the three angles, so 
that the probability of the result being true may he greater than if any other mode 
were adopted.^ If no reason exists for supposing that one angle has been determined 
more accurately than another, the error should, of course, be equally divided among 
the three angles ; but in practice this is seldom the case, for it will usually happen 
that one or other of the angles has been determined by a greater number of observa- 
tions, or by observations made under more favourable circumstances than the others, 
and consequently the three determinations are not affected with the same probable 
errors. In the earlier period of the Ordnance Survey, the apportionment of the 
error appears to have been made in a manner entirely arbitrary, or at least according 
to the observer’s judgment of the relative goodness of the observations ; but this 
objectionable practice is now abandoned, and a uniform method, founded on the 
theory of chances, adopted. Suppose several observations to have been made of the 
same angle, and that the seconds of reading are and let he the average 

or arithmetical mean of the whole; then m — ~ m — 7", &c., are the errors of 

the individual observations, and the weight of the determination, or of the average 
is equal to the square of the number of observations divided by twice the sum of the 
squares of the errors. In this manner the weight is found for each angle, and the 
error of the triangle, that is, the difference between the sum of the three angles (each 
being the average of the observed values) and 180'* + E, is divided into three parts 
respectively proportioned to the reciprocal of the weights, which parts form the cor- 
rections to be added to or subtracted from the angles to which they respectively 
correspond. We have then three corrected spherical angles, the sum of which is 
exactly 180*^ + E.* 




♦ The text from the asterisk in page 60I to this is extracted from the Article ‘Trigonometrical 
Survey,’ in the Encycloptedia Metropolitana, by the Astronomer Royal. 
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Having got ttiiis far, let us pause to consider an 
example of wliat has been laid down, taken from 
the records of the Ordnance Survey. 

In the triangle a?, y, is the well-known hill, 
Ben Lomond, in Stirlingshire; y, Cairns Muir on 
Deugh, in Kirkcudbright ; and z, Knocklayd, in the 
county Antrim, Ireland. The side z has been 


and the angles as observed are 






H 

" 1st time 56° 
2nd time 56 
[ Srd time 56 

43' 

43 

43 

29"*97'1 

27 *04 

28 *72 J 

. 66° 

Mean. 

43' 28"-58 

V 

Once only 79 

42 

28 *69 

79 

42 

28 *69 


f 1st time 43 
( 2nd time 43 

34 

34 

38 *36 ' 
35 *43. 

j. 43 

34 

36 *89 


Sum of all the angles 


180 

0 

34 *16 



The spherical excess must now be computed by the rule already given, as follows : 

Having the three angles and one side (it being remembered that for this purpose 
we calculate only approximately and consider the triangle a plane one) we obtain, by 
ordinary trigonometrical formula, 

^ =s= 426,960*0 feet, y = 502,470*0 feet. 

The mean latitude of the triangle is 55° 40', which will be represented by I in the 
before-given formulae (2, 3, and 4), and the quantities a and e are assumed from 
astronomical data, 

a = half the polar axis == 20,852,394 feet, 

«“*-t' = 30H26 =■“ 

Hence by formulae 2, 3, and 4, 

R = 20,924,824, R' = 20,968,900, and r = 20,946,814. 

Having thus the value of r, we may apply formula 1, which, using logarithms, 
becomes 

Log. E ~ log. X + log. y + log. sin. z + 0*37116 
= 1*54108. So that 
E 34"*760. 


Deducting this quantity from the sum of the three angles as found above, viz., 
180° 0' 34"*16, we have the remainder 179° 59' 59"*40, which falls short of 180° by 
0"*60, which is therefore the error of the triangle. 

To apportion this error by the rule already given, — ^the angle x has been three 
times observed, and its mean value is 56° 43' 28"*58; deducting each observation 
from this mean, we get the several errors +1*39, —1*54, + 0*14, and their squares 
1*9321, 2*3716, and 0*196 : the sum of the squares = 4*3233. Then the square of 
the number of observations divided by twice the square of the sum of the errors 
= 9 -f- 8*6466 = 1*041, weighty the reciprocal of which is *961. 

The angle y is but once observed, and the weight is assumed as *1, the reciprocal 
of which is 10. 

Proceeding with the angle z as with the angle Xy we get its weight = *4660, and 
the reciprocal thereof 2*146. 

We must now divide the error (0"*60) of the triangle in the proportion of the 
reciprocals of the weights ; and thus the error of x becomes + 0"*04, of y, + 0"*46, 
and of Zy ^ 0"*10 ; and the corrected angles become 
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43' 

28"*62 


42 

29 *15 

^*43 

34 

36 »99 

and their sum 180 

0 

34 -76, that is to say 180° + E. 


Having now fhe three coTrected spherical angles and one spherical side, we may 
compute the remaining sides by three different methods, viz. 

1. By the formulae for spherical trigonometry. 

2. By finding the chord of the given side or arc, and deducing from the spherical 
angles the angles formed by the chords ; then computing the two unknown chords 
by plane trigonometry, and converting them into parts of the circle. 

3. By Legendre^s method, which is as follows : From each of the angles (corrected 
as above) of the triangle deduct Ird of the spherical excess; then the sines of the 
angles so diminished will be proportional to the lengths of the opposite sides (arcs, 
not chords). 

The second method was for a long time used in the calculations of the Ordnance 
Survey ; but it has of late been superseded by Legendre^s simpler method. Let us 
proceed with our example accordingly. 

One-third of the spherical excess; we soon find to be ll''*586, which, deducted from 
each of the corrected angles, leaves 

« 56° 43' 17"*04 

79 42 17 *56 

, , .34 25 *40 :■ ' 

The side z already known =» 350,057*62, and with these data, by the proportion of 
the sides to the sines of their opposite angles, we get 
a? =s= 426,974*06 feet, 

2 ^ = 502,504*42 feet, 

and the triangle is solved. 

When the heights of stations are required with accwracy, there is no less 

laborious method than that of ascertaining them with reference to a datum point 
by means of the spirit-level, because the amount of refraction at any given time and 
place is so uncertain, that results obtained through angles of elevation or depression 
will he only approximations to the truth. Many reasons may, however, make it de- 
sirable to obtain these approximations, and the following is the method. 

At present it is the practice to take depressions and elevations to the base of the 
pile, otherwise a correction would have been necessary for the height to which the 
telescope was directed above the station. But as the centre of the instrument must 
always he, from its construction, four or five feet above the station, a reduction to the 
centre is unavoidable. The reciprocal angles from any two stations A and B having 
been thus reduced by the common rule,* and the distance AB being known from 
the triangulation in feet and seconds, we estimate the refraction by the following 
formulae: 

Let d “ the observed depression at a, 

„ „ ,, 5 , 

C ~ arc A B in seconds, 
r = the mean refraction, 

<p — the diterence of altitude between A and B in seconds, 
same difference in feet; 


Given in all books on the application of trigonometry to the finding of heights and distances. 
VOL, III. 2 R 
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tyxenr = i{C — (d + d')} 

^ = -id+ r): 

*'= AB (in feet) X <(> sin. 1". , , 

If one of the stations is elevated, then d or d', as it may he, must he taken negatively. 
Before the. latitudes and lon^tudes of the stations can be computed from the geo- 
detical observations, it is necessary that the latitude of at least one station, and the 
ineiination to the meridian of one side, should he determined by astronomical means 
Hiese obtained, the following rule given by the Astronomer Royal, and now extracted 
from Captain Tolland’s (R. E.) account of the measurement of the Lough Foyle base,, 
suffices to find the latitudes, longitudes, and azimuths for a series of stations. 

Let P he the pole of a fictitious sphere, AP and BP the co- p 
latitudes of the two stations, B i an arc of a great circle perpen- 
dicular to the meridian A P, B S, an arc of paraUel, A B the 
distance in feet between the two stations, and P A B the azimuthal 
bearing at A of the station B; then the several steps of the 
formulse axe ; 

1st. Convert A B into seconds of arc, using any approximate 
radius;* then solve A B i as a spherical Mangle right-angled at 
J, by spherical trigonometry, having the side A B and the angle 

at A given. .' T 

2nd. Apply the arc A i so found, with the proper sign, to the 
co-latitude of the station A, for the resulting co-latitude of the 
point 5* 

3rd. Solve the triangle P & B- right-angled at 5, by spherical 
trigonometry, having and 5B given, from v^hichwill result 
the co-latitude P B of the station B or and the difference of 
longitude = the angle A P B on the fictitious sphere. 

4th. Tahe the difference A & expressed in seconds, in the latitudes of the stations 
A and B or fi,, and convert it into feet by the approximate radius previously used,, 
and then convert the distance in feet so found into seconds of the earth's surface on 
the meridian, t which wdU give the true difference of latitude between those two points 



on the assumed figure of the earth. 

* Cantata Yolland remarks, “ It was found that the normal, or radius of eurvaturo perpendic^ 
to the meridian for the latitude of the given station, must be used xn the detemmation of (hat 
of the second staiioa, and the normal for the latitude of the .second in the determination of that of 
the third, and so on, instead of using any appronmate rams. It was also seen that, in addition 
to ohmiuing accurate results, the calculations might be materially abridged by using the nomal. 
as it then became unnecessary to convert the difference of longitude on the assumed or fictitious 
sphere, to the eorrespouding difference on the spheroid, in consequence of fte difiemnee of the 
logarithms of the normals of the stations A and B on the spheroid being neatly identical with the 
differenoe of the logaritlim. of the cosines of the latitude of B on the fictitious 
spheroid, and hence that the angle P, as found in the third feP; K”® f t^“™of' 

longitude, without working out the length of the arc of paraUel Bfii; thus saving the labour of 
out ail the logarithms, and natural numbers required for the fifth step of the process, 
which, when great accuracy is required, is a most tedious and troublesome eomputaUon. But 
this step cannot be ramtted if any other approidmate radius be substituted instead of the norma 

for the latitude of the station A.” , j 

t Tte length of the radius, in any rirele. is equal to the length of 57-2957X95 degrees, measured 
on the dreumferenee of that circle; hence the radius of curvature being known, the length of the 
degree can be found. It wiU facilitate computations if before commenemg them Tables be prep re 
of the Arithmetical Complements of the Logarithms of the number of feet in “ f 
meridian; 2 nd, on the perpendicular circle ; and 3rd, on the circle inclined 
for every 10' of latitude within the compass of the Survey. Tables of this kind have been computed 
at the Ordnance Map Office, for the latitudes in Great Britain and Ireland. 


SX7EVEYIN0, 



60 f 


5tli. Then compute B in seconds-^ x sin. d P, and convert this value into feet 
with the assumed approximate radius, and again into seconds of longitude, hy using 
the spheroidal radius of parallel for the latitude of B or ; in other words, convert 
the length of B from feet to seconds of longitude, by dividing by the radius of 
curvature perpendicular to the meridian for the latitude of B x the cos. of the latitude 
of B X sin. 

COS.PA-PB 


6th. Tang. 


PAB 4 - PBA 


Cos. PA + PB 


• Got. 


APB 


2 


from which P A B + P B A are obtained, and by subtracting the given angle P A B, 
the required azimuth of the first station at the second is found ^ P B A. 

It is in the verification of the results obtained by the above formulae that the zenith 
distances obtained by the sector are used. 

When the length of an arc of a great circle is to be measured on the earth^s sur- 
face, the amplitude of the celestial arc of meridian is obtained by means of the sector. 
The line selected for the terrestrial measurement should be such as to give no cause 
to apprehend inaccuracy through irregular local attraction. A series of principal tri- 
angles is carried along the line so selected, and it is advisable to verify the work by 
measuring as a base a side of one of the terminal triangles. The triangles having been 
computed, and the bearing of their sides from the meridian or its parallel being known, 
the distances on the meridian may be found by right-angled spherical trigonometry,. 

and the sum of these distances is the j* of the required meridional arc. 

By a similar process, the length of the are of a great circle perpendicular to the 
meridian may be obtained, and from it the length of the degree of longitude at any 
latitude on the measured arc.* 


The computation of distances for the detail survey from the secondary triangu- 
If the grand triangulation have been properly executed, the sides of the 
great triangles will form so many checks on the minor distances to be computed from 
the secondary triaugulation, that the risk of error will be very small indeed? and, 
should an error occur, it cannot cause more inaccuracy that the misplacement of one 
or two points. In theory, the rules which have been mentioned as applied for the 
computation of the greater triangles are equally applicable to that of the less ; but as 
the distances become shorter, it will be found that the necessity for taking into con- 
sideration the figure of the earth becomes less apparent, and when the triangles at 
length become very small, the spherical excess is scarcely appreciable, and they may 
be solved by plane trigonometry. The apportionment of the error of observation 
among the three angles should, however, always be made according to the rule above 
given, whether the triangles be large or small. 

Perambulation and notation of public boundaries, Before commencing the detail 
survey of a district, it is necessary to ascertain and shew on a skeleton map the exact 
line of such public boundaries as are to be delineated on the finished plan, in order 
that the person in charge of the surveying party may take care that all parts of it, 
whether indicated by easily recognizable objects, such as hedges, walls, streams, &c., 
or following a line undefined on the ground, shall be precisely surveyed, and that the 
correctness of the map shall not afterwards be disputed. 

The perambulator should be instructed by a person well acquainted with the boun- 






I 


1 


* 'Phe length of the degree of longitude is found by multiplying the degree of the perpendicular 
circle by the cosine of the latitude. 
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dary to be noted ; and this person should be appointed by the local authorities, or 
delegated by the persons most interested in the just definition of the boundary; and 
when there are conflicting interests separated by the boundary, each interest ought to 
be represented by one or more persons. 

The perambulation is commenced at some remarkable or well-defined point ; and 
a series of straight lines passing as near as possible to the actual boundary and 
parallel to its general direction, measured with the chain, and otfsets taken from them 
to all the curves and angles of the boundary. When a trigonometrical station, or 
some remarkable object sure to be accurately fixed, is within reasonable distance of 
the chained lines, it is expedient to tal^e an offset to it. 

The boundary remark-book is kept much in the same manner as an ordinary con- 
tent field-book. The names of proprietors on either side of the boundary are shewn 
in it, and remarks setting forth all customary or legal rights touching the ground 
over which it runs should be entered. These remarks should be full and precise. 

In general, county or parish maps can be procured, from which to construct the 
skeleton map, and in such cases only the measurement should be conducted as above 
described. But, where no moderately good map is available, the perambulator must 
traverse the boundary with the theodolite; and the skeleton map will be made 
entirely from his work. 

When there is a disagreement as tO' the right direction of the boundary line, 
which disagreement cannot be adjusted on the groimd by the umpires or meresmen, 
the perambulator vrill ascertain the lines according to each claim, and note them in 
his book ; and he will, further, draw up a report of the claims and arguments on both 
sides, and of the names of such witnesses as can speak to the matter, in order that 
the proper survey officer may — ^if he shall fail in inducing the parties interested to 
bring their differences to issue — be enabled to collect information whereby to decide 
the fair line for the purposes of the survey. 

The skeleton map exhibits simply the line of boundary,, and the objects distant a 
few feet on each side of it. The ordinary distances and notes from the boundary 
remark-hook are shewn on it by figures and abbreviations, and particular remarks are 
either written on some part of the map near to the portions of boundaiy to which 
they refer, or detailed on a separate paper, and referred to their proper positions by a 
mark or letter; The scale for these maps, as used on the Ordnance Survey of Great 
Britain (it is found very convenient), is 12 chains to the inch. 

Detail Survey , — On entering on the survey of a district, the superintendent of sur- 
veyors is supplied; with a rough diagram of the points fixed by the secondary trian- 
gulation, (but shewing no distances nor angles,) and with the boundary sketch (or 
skeleton) maps^ belonging to his work. 

He arranges Ms triangles for survey with a view to local convenience, taking care, 
however, that thek angles are not extremely obtuse nor acute, and that their sides 
are not very much disproportioned. Having done this, he allots a triangle to each 
surveyor of his party; The surveyors in any two adjacent triangles arrange between 
them wMch shall measure their common line. Each then proceeds to measure the 
sides of bis triangle, and then divides and measures the interior by such lines as are 
best calculated for obtaining quickly and accurately the detail within it. Tor the 
scale of six inches to a mile, on which the maps of the Ordnance Survey are now 
drawn, no sketching whatever is allowed, neither is the direction of any line allowed 
to depend on an angular hearing, hut every line is adequately checked by other 
lines. 

It was for a long time the practice to level the sides of the triangles, then to chain 
to the surface of the ground, and reduce the measured length to the horizon. But of 
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late it to been found equally correct and more expeditious to dispense with the 
levelling, and to cause the surveyor to stretch his chain always, as near as he can 
Judge, parallel to the plane of the horizon 5 and then to hod, by a plummet let fall 
from any of its divisions, the distance on the inclined surface. Thus the held-book 
requires no correction. 

A chain’s length should be laid otf from a standard at some convenient place where 
the party assemble before going to work, and every chain tried, and corrected, if 
necessary, in the morning before it is used. The adjustments of the theodolites and 
levels should, in like manner, be tested every day before they are used. 

Every surveyor dates his day’s work in the field-book, and at some convenient spot 
on every page collects the total length of lines and offsets contained in it. The 
amount is carried over and added to that of the next page, and so on, to the end of 
the day’s work. 

All erasures in the field-book with a knife are forbidden. 


No work is allowed to be entered in pencil. 

For the six-inch to a mile scale no offset may amount to a chain in length, and for 
other scales the limitation should be proportional. 

The average daily progress of a good surveyor in England, surveying for the six-inch 
to a mile scale, is— 


With one cham^man, 

Close large village . . . . . . , . . . . .... about 5 acres. 
Villages and surrounding fields, &c. . . „ 14 „ 

Close country, gentlemen’s bouses and demesnes, &c. ... ,, 20 „ 

Medium country ordinary fields and scattered farms . ... 30 to 32 „ 


Open moorland with roads, streams, boundaries, car-tracks, &c. (iVo fields.) 55 „ 


Traverse surveying, and the determination of distances by the small instruments, 
are never resorted to when the triangular and actual measurement can possibly be 
applied. 

The system here described can be carried 'out in the survey of a large town. The 
directions of all the lines are ascertained by an instrument, and marked on the walls 
and pavements for the guidance of the surveyor. This should be done by the non- 
commissioned officer in charge or some trustworthy person. Where the direct line 
is impracticable, the surveyor measures on a parallel line. If to be kid down on a 
large scale, such a survey wiU require very great care. Liverpool was surveyed in this 
way for the scale of five feet to the mile. Different Officers may prefer different 
modes. Manchester, for instance, was divided into blocks of houses, so that the 
bounding lines of each block might fail in a street or alley, and thus be compara- 
tively convenient to measure. 

The division of the survey into sheets or plans j and the means of preserving coind- 
dence qf the common lines, — As a boundary line for a plan or division of the map, a 
series of sides of secondary triangles is preferable to a townland or parish boundary ; 
because any two sheets have thus for their common boundary straight lines, and 
moreover, the extremities of these lines are trigonometrical points, which can be laid 
down with equal exactness on both sheets. The detail of the country on the two 
sides of these common lines will thus be plotted either by M at dif- 

ferent times; and to insure exact coincidence of all the points, the Hue, with a small 
extent of the detail on one side of it, is first traced from one of the plans, and the 
trace is then applied to the same line on the other plan : if any disagreement be per- 
ceived, the cause is immediately sought for in the field-books and plotting, and 
adjusted. Supposing the common line to separate not only two plans but likewise 
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the work of two different Officers, stationed in different piaces, the trace witii the 
work of one of them shewn, say in blue, may easily he transmitted to the other, who 
will trace his side in red or some other colour ; the smallest difference thus becomes 
apparent. The arrangement here described has reference only to the construction of 
the maps ; of course when they are printed, it will be on sheets containing each an 
equal area. 

The search after names j and determination of their ortJiogr(ipJiy>~^kccQTdm^t>^ i\\t 
scale of the map, it must be determined, before beginning to draw, of what objects 
it will be practicable, consistently with a due regard to clearness, to insert the 
names. An uniform rule must of course be followed throughout the work. The per* ( 

ambulators and surveyors should be ordered to collect as many local names as they 
can without hindrance to their other duties, and to forward with their field-books a 
list of the names and a brief description of the spaces or objects to which they belong. 

These lists serve as guides to the persons sent expressly to ascertain correct names 
and orthographies. Land-owners, clergymen, and such other persons as from pro- 
fessional opportunities or antiquarian or local knowledge are competent to give 
opinions on these points, will be requested to write and sign what they consider neces- 
sary touching the orthography, derivation, and application of names. From records 
such as these, a choice of the mode of spelling will, in most instances, he easily 
made ; but in some cases it will be necessaiy to refer to men who have studied the 
ancient and provincial dialects of the districts in which the names occur.* Besides 
the objects which belong to the present age, it is highly desirable to shew, on 
a general map, remains and sites, also battle-fields, — spots where interesting events 
have occurred, &c. 

The plotting of distances i and detail 0 ^^^ — The trigonometrical points should 

he laid down on the sheet to be plotted, by a non-commissioned officer or superior 
draftsman, who will see that each point is in its exact position with relation to all 
the other points on the sheet. The plotting will need very little description, as so far 
from being more difficult than in ordinary surveys, it will be found, by reason of the 
trigonometrical system according to which the survey is made, the easiest possible. 

There is no need of the protractor— all the lines fit into their places and check each 
other, and the detail is laid down very simply. 

The plotter should he required to bring to the notice of the superintendent all 
errors in the field-book, and all cases where the surveyor has departed from the regu- 
lations, in the too great lengths of his offsets, in not sufficiently checking his lines, in 
making erasures in his book with a knife, &c. 

The emamimtion on the ground, — ^ After the detail of a plan has been plotted in 
pencil, it is traced off in portions convenient for a sketching portfolio, and given to 
field sketchers, or examiners, to be taken to the field and rigorously examined, and, 
if necessary, corrected. The examiner should always have a chain and offset-staff 
with him. He, besides ascertaining the accuracy of the trace, shews on it the detail 
in its proper characters, and gives full information to the draftsman, who is to pen in 
and ornament the plan. 

The drawing^ lettering, and ornamenting. — ^These, like the plotting, are operations 
so well understood, that it is unnecessary to say much here concerning them, except 
’ as regards the system, according to which, in extensive operations, they ought to be 
regulated. The features of the ground, on the Ordnance Maps, used till very lately 

* The writer would lay stress on the propriety of employing, for tihe eollection of orthographies, 
men fitted by education and intelligence for the duty ; the attempt to do the work mechanically^ by 
employing illiterate persons guided by fixed rules, will be found very unsatisfactory, and, in the end, 
far from eooiioimcal. 
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to be shewn by portraiture on the night and shade' principle, very skilfully executed, 
and giving the maps a beautiful appearance* This mode has, however, now been 
changed for the exhibition of the levels, by means of horizontal contours at 25 feet 
vertical intervals — a style less appreciable by the eye, hut having the advantage of 
giving the accurate altitudes and slopes of the country, whereby the practicahility, or 
proper direction of roads, canals, railways, &c., may be readily decided on ; and thus 
forming a most important and valuable aid in the projection of public works. Certain 
symbols (see ‘ Topographical Hieroglyphics,' vohi. part 2) should he adopted for the 
representation of objects of frequent occurrence. The systematic use of the different 
print hands, in the names, may he made a means of indicating to some extent the 
nature of the ohject. Thus the names of counties, ridings, hundreds, parishes, town- 
ships, &c. should be written always in uniform characters ; churches, gentlemen's 
seats, demesnes, antiquities, works of art, &c., the same; and ranges of hills, single 
features, &c., each kind in appropriate type. The ornamenting should he arranged 
with a similar view ; and roads, woods, sands, ravines, parks, pleasure-grounds, See, ie 
all uniformly represented. 

Contour leoellmg is already described in vol. i. 

The computaiion o/arfias.-^When the areas of the public divisions of a coimtry are 
required from a trigonometrical survey, it will be advisable to ascertain them in two 
different ways—hrst, by computing the areas of the triangles whose sides most nearly 
coincide with the areas of such divisions, and adding or deducting the irregular 
figures which may he interposed between the boundary and the sides of the recti- 
linear figures. This computation ought to be made in duplicate; and, to prevent the 
risk of collusion, it is better that the two persons w'-ho make it do not reside in the 
same town. Their computations can afterwards be compared, step by step, and dis- 
agreements he investigated and adjusted. The other way is by measuring with a com- 
puting scale or other instrument the different areas on the plan or map. This mode 
is of course less accurate than the former, but it forms an excellent check, and should 
not be omitted. 

Engraving j printing, and puhlicationr—On the Ordnance Survey of Great Britain 
the maps are engraved and printed under the superintendence of the Director. 
Ingenious machines have been invented for laying down the trigonometrical points on 
copper, and for ruling the lines of even shades such as are used for buildings. 
The last improvement in these was made by Capt. "YoHand, E. E. It is unnecessa:^ 
in this place to give a description of these operations. For the sale of the maps, agents 
are selected by the Ordnance in the metropolis and principal towns, to whom 25 per 
cent, profit is allowed on the .price .paid by the public. The maps hitherto published 
on the scale of 1 inch to a mile have been of different sizes in different parts of the 
kingdom ; and it is obvious that the quantity of labour spent in this .preparation can- 
not be the same for all, even if there were no variation in size. They were, therefore, 
originally published each at a cost proportioned to tlie expense of preparing it. Now 
(1848), however, that the art of electrotype is available for the renewal of the plates, 
it has been determined that 2^. the sheet, or M, the quarter-sheet, shall be the price 
for all the work. It is moreover determined that the sheets on this scale shall hence- 
forth contain a fixed area of 864 square miles. 

The sheets on the scale of 6 inches to the mile contain each 24 square miles,, and 
are published at the price of 5;?. each, but it is believed that a reduction of this price 
as contemplated. 
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rOECE AND ORGANIZATION OF THE ORBNANCE SHRVEY OF 
GREAT BRITAIN AND IREEANB. 

The force employed on the Ordnance Survey of Great Britain and Ireland is partly 
military and partly civil. The Ordnance Map Office, or office of the chief officer, 
■which is the head-quarters of the Department, is stationary, and at present fixed at 
Southampton. Besides the business belonging to the general superintendence, and 
the diagrams and computations of the trigonometrical department, the engraving and 
printing for Great Britain are executed here ; and here, too, are the principal stores 
of the Survey. While the survey of Ireland was in progress, there was ahead-quarter 
office in Dublin; and though Southampton is now the head-quarters for both islands, 
the engraving and printing of the Irish plans are still executed in Dublin, and the 
documents and plates of the Irish Survey are there preserved in a fire-proof building. 
The Officers in the field hire temporary offices in towns convenient for their work. 
Each Officer constructs in his own office the maps of the country surveyed by his field 
parties, and, when they are finished, transmits them with the field-books, sketch 
maps, and all documents connected with them, to head-quarters to he engraved. 
Thus there is a field and an office force attached to each division. The military force 
in 1848 was four companies of Royal Sappers and Miners, and twelve Ofikers of the 
Royal Engineers.* The civil force is 583 assistants and 344 labourers. The total of 
civil and military is 1232 persons. 

Direction * — ^An Officer of the Royal Engineers, receiving his appointment and in- 
structions from the Master-General of the Ordnance, through the Inspector-General 
of Fortifications, conducts the Ordnance Survey with the official style of Director. 
He regulates the whole of the operations connected with the undertaking, from the 
measurement of the base to the completion and publicatiofi of the maps. He com- 
mands the military companies employed on this service, and controls the civil branch 
in all matters affecting the work. He demands from the Inspector-General the num- 
ber of Officers required to assist him, according to the duties in progress and the pro- 
ficiency of the non-commissioned officers and other assistants. The interior economy 
of his department is ordered entirely by his discretion, his expenditure being limited 
by an annual parliamentary grant. 

The Organization is throughout according to a military principle, and though the 
assistance of civilians is largely made available, it is simply to serve, so to speak, as 
muscles for the military skeleton. No branch of the duty, however inferior, is per- 
formed entirely by civilians or without the supervision of some responsible soldier ; 
and the conduct of all the operations is within the control of the Military Act and 
Articles of War. 

Assistant Officers have charges assigned to them in the different departments of 
the Survey — 

One or more being employed to assist the Director; 

One, at the least, to direct the trigonometrical operations; 

One for the boundary department; 

One for obntour levelling; 

^ One for each division of the detail survey. 

Their number is by no means constant, but is regulated by the extent of ground 
under survey, and by the degree of proficiency of the non-commissioned officers. For 
instance, till very lately, one Officer, if not two Officers, was always present with each 

* This force has been increased to meet the demands for surveys of large towns, connected with 
sanitary measures, made by tbe Board of Health.— Ed^^o^*s. 
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great instrument; now, the non-commissioned officers are so well instructed that 
they can observe as correctly as their su|ieriors, and the constant presence of an 
Officer is no longer necessary. 

T’ke military force is divided into sections, each of a strength sufficient for the en- 
tire direction and supervision, and for the partial execution of the duty allotted to it. 
The Captain and Subalterns of a company are very seldom stationed in the same place, 
and the strength of the detachment with each Officer is proportioned not to his rank, 
hut to the exigencies of the service on which he is employed. 

The non-commissioned officers ought to be most carefully selected, and employed 
with regm’d to the direction of their respective talents. 

The responsible offices are all filled by soldiers, no civilian being responsible for 
more than bis individual labour. 

Each soldier employed on the survey is allowed working pay at a rate fixed by the 
Director, according to his acquirements and industry; and for the satisfactory per- 
formance of duties requiring management and ingenuity — such, for instance, as reflect- 
ing with the heliostat, piling hills with judgment, &c., it is customary to allow special 
rewards. 

It is advisable that the soldiers should be instructed in the duties of as many 
branches of the work as possible, that they may be available whenever the service 
may most require them. 

The civil works entirely under the ffirection of the military ; and, speaking 
comparatively, its duties may be styled mechamcal. The labours of the bivilians are 
constantly overlooked, and their duties assigned daily. It is expedient, moreover, to 
guard against collusion, that each civil assistant should comprehend only his own 
particular duty, be it surveying, plotting, drawing, or other service. This policy is 
rendered necessary by the extremely slight ties by which civilians are bound to the 
service. They receive their wages weekly, and although it is expected that they give 
a month’s notice before quitting their employment, there is no power to prevent their 
doing so at any minute when they may be so inclined. 

Accounts . — Each Officer is furnished monthly with an imprest to meet the probable 
expenses of his division or party. He distributes the pay of the civilians and the 
working pay of the military , and makes the disbursements necessary for the contin- 
gent requirements of his division, taking proper vouchers, and quoting in each case 
an authority for his expenditure. 

Every division having commonly several small detachments in the field, the pay- 
ment of each detachment is necessarily made through the non-commissioned officer 
in charge of it. 

Once in a quarter each Officer submits his accounts to the Dhector, who, having 
examined and approved of them, forwards them to the Surveyor-General of the 
Ordnance. 

Chain of responsiUUiy . — Every party, however smaH, is under the charge of either 
a non-commissioned officer or private of the Eoyal Sappers and Miners, who is 
responsible that the work is carried on according to orders, and that every precaution 
to prevent negligence or deception is taken. 

In the office, likewise, a non-commissioned officer superintends each department of 
the work. 

These report, either directly or through a senior non-commissioned officer, to the 
Officer of Engineers in charge, and, according to the latest arrangement, each Officer 
reports immediately to the Director. 
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EXPLANATION OF PLATES III. AND IV.* 

Plate in. Fig. 1.— Diagram shewing the principle of the compensation >ar. 
« a', Brass bar. 

$y,Iro3ibaT. 

Steel eonneeting bar. 

Brass bar 1 the higher temperature of 62'’ + 

J c?', Iron bar J 

ee\ Brass bar \ lower temperature of 62® - 

Z/', Iron bar i 

" ® ” 1 Position of the steel tonnes at the temperatoe of 62°. 

. ntVv! y 

cdn \ temperature of 62® + 


efn \ The same at the temperature of 62°— r 
e'fn' J 


\ The points of intersection, or compensation. 

Kg. 2. -mu of the compensation bar, lying in its deal box, supported upon brass 
" rollers, toed into the bottom of the box at one-fourth and t^ee-fourths 
its length; the parts being free to expand from or contract to the centre: the 
. brass nozdes, which protect the projecting part of the ton^s, 

in this figure; likewise the longitudinal spirit-level and scale, a^nd the small 
brass cross-pieces for steadying the bars by preventing any sudden jar from 

striking them against the lid of the box. 

>ua!yhh'i the compensation bars. 

■e f g h, 'the deal box. 

, 1 rollers. 

' ) ; ^ o', protecting brass nozzles. 
m m\ cross steadying pieces. 

* two strong iron .cyhnders, uniting the brass and iron bars at the centie. 
vertical brass stay, screwed to the bottom of the box, to prevent longitn- 
dinal motion. 

longitudinal level. , , v 

a? a?, shewing the mode of attaching the level to the brass bar. , - 

Fie 3— Mode of fixing the brass and iron bars together at the cen re, an ’ 

longifudinal motion of the bars in the box : the longitudinal scale 

and level shewn on the left. (The whole on a larger ^ 

Kg. 4.— Side elevation of tlie bar, resting upon its roller in .he bottom of the - , 
and shewinff the brass cross-piece between it and the lid. 

Kg. 5.-Side elfvation of the bar in the middle, where the brass and iron are screwei 
tAo-ether and shewing the vertical brass stay. 

'■.'me 6— Plan of the steel tongue on which the compensation point is marked, and 
■ :?■ whi« fteely upon two conical brass pivots, with steel sockets, through 

, , : ' the uuddle of the brass and iron bars, near their extremities. 

- H “Kir 7 — Oblitme end view of the tongue, pivots, and brass and iron bars. 

' 'fc 8::2S,« of fho pi«. *•» •' ““ 

1 «.• «»..»«••>»» f «. i». - — I" 

« ti|Ji«^ent of the base, resting upon two brass leveUing tnpods or camels, 

V,,' ^ — 

' of of the Lough Foyle Base, by Captain YoUand, IL E. 
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each having a lateral or cross motion, and one having also a longitudinal 
motion ; each tripod rests upon a trestle or three-legged wooden stool, which 
stands upon a triangular deal frame, supported horizontally upon the heads of 
three stout pickets, of length proportioned to the nature of the soil into which 
they are driven. At each end of the bar in the figure (which may therefore he. 
considered as the first bar in a set) a con^jensation microscope is placed, rest- 
ing in grooves upon a brass three-armed stand, screwed to the end of the box 
containing the compensation bar. Under each ©f the centre microscopes is 
shewn a register, technically called a * point-carrier.* These point-carriers are 
of various constructions, principally made of cast iron, and of a triangular form 
at the base ; in the middle is a brass cylinder, sliding vertically through a tube 
and rings, v^itli clamps to fix at any height the adjustable plate or disc which it 
carries at top, and on which is engraved a fine dot on a silver pin: this dot is 
finally brought to exact hisection under the microscope by means of three 
screws which move the disc horizontally in any direction. On the top of the 
bar-box is shewn the end of the cross-level, and also the shutter of the glass 
window through which the longitudinal level is observed during the measure- 
ment. 

L li, Brass levelling tripods. M M, Compensation microscopes, 

T T, Wooden trestles. Y Y, Eegisters, or point-carriers. 

E R, Triangular deal frames. w, Shutter of the glass window 

P P, Wooden pickets. over the longitudinaUevel. 

C C, Clamping plates. v. Cross level. 



SWIMMING.^-— It is scarcely necessary to prove that this art is useful to 
a soldier ; hut we may mention the brilliant feat of Captain Guingret, at Tordesillas, 
in November, 1812, who swam across the rapid Duero, with 60 gallant Frenchmen, 
pushing in front of them a small raft bearing their arms and clothing, and after 
storming a tower defended by the Brunswickers, opened a communication over the 
bridge : from this it will be evident that if soldiers are able to swim, they can 
rapidly effect the passage of a river, which may he of vital importance, and would he 
impossible otherwise; and when it is considered how often British troops are exposed 
to drowning by shipwreck or by the upsetting of boats, it appears advisable to give 
them every facility fot acquiring the art, particularly as the practice of it tends so 
much to promote cleanliness and health. 

As the human body is lighter than water, there are but few men who cannot he 
taught to swim ; and if an instructor were appointed in each regiment, a large num- 
ber of soldiers might soon learn : they could go through the motions even in a room 
by resting the breast upon a boai’d suspended from a beam, or in a bath, supported 
by a strap passed under the armpits ; and if arrangements he made for rescuing those 
who may .get out of their depth, they could practise safely at most stations. 

To mnm on the hr east ^ or in the ordinary way, it is necessary to imitate the 
motions of the frog ; each stroke is made by first bringing the palms of the hands 
nearly together before the chest and throwing them forward with the fingers point- 
ing to the front, then separating the hands so as to make a stroke outwards with the 
fingers extended close together, and finally bringing them in front of the chest again 
to make another stroke as before, at the same time kicking out behind, so as to make 
a steady simultaneous effort with both legs and arms, and keeping the head back so 
as to enable the swimmer to breathe freely. 



* By Captain Bainbrigge, R, E, 
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la swimming long distances it is advantageous to rest the limbs by swimming on 
the back or side ; in the former case it is only necessary to kick out with the legs, 
and in swimming on the right side a circular stroke is made with the right hand in 
front and with the left close to the side,— and the contrary in swimming on the left 
side : also rapid progress may he made by throwing forward each arm alternately, 
letting the hands fall edgewise into the water, and turning upon each side in succes- 
sion as a stroke is made. 

In order to diioey the head must he turned dovra, and the legs being thrown up, the 
body will sink, and can be propelled in any direction as in swimming on the surface : 
the eyes being kept open and objects distinctly seen under water, persons who have 
sunk can be searched for and pulled up, care being taken to avoid their grasp ; and 
if they have presence of mind, they can, on reaching the surface, support themselves 
behind the swimmer by resting their hands on his hips whilst he advances towards 
the. shore.: 

Jf letters, clothes, ammunition, the locks of muskets, &c. are required to he con- 
veyed, it ■will be best to secure them on the head ; but the proper buoyancy vnll be 
best preserved by carrying things under water attached to the back. 

Though cramp is much feared, it seldom attacks people except when the water is 
cold, or when they have been a long time in it, and it generally goes off by lying on 
the back and stretching out the heel. 

Swimming with aline is often required, when vessels are wrecked, (as boats are often 
useless,) to establish the means of escape, and also when it is necessary to cross rivers 
in advancing through an enemy’s country, or in traversing a wilderness : this is ren- 
dered difficult by the weight of the rope causing it to sink, when the effect of the 
current upon it is increased, and it is liable to be entangled among rocks or sea- weed; 
and as one man cannot support more than 50 yards of small rope, the swimmers 
must not be placed at greater intervals apart ; and they should, when crossing a cur- 
rent, hold the rope "with the hand on the side opposite to that from whence it flows, 
or, to give both arms perfect freedom, the rope might be hooked to a belt supported 
by the shoulders, and arranged so that it may be easily detached : it should of course 
be carried as much as possible with the stream, and care must be taken to pay it out 
with judgment. 

To support the line, floats of cork or slips of light wood may bedashed to it, taking 
care that they are of such a form as will oppose least resistance to its progress ; this 
result would be best attained by making the line itself buoyant, or by substituting for 
it an inflated tube of small diameter, formed of canvas, rendered air-tight : if only a 
small portion of this could he obtained, it should be attached to that end of the rope 
intended to reach the shore, for there the chance of a heavy line becoming entangled 
is the greatest, and by wrapping a few turns of such a tube round the body of each 
person who could not swim, and round mail-bags or other valuable packages, they 
could generally he floated ashore if guided by swimmers, as in cases of wreck the 
wind usually blows strongly towards the shore ; also the boats might be rendered more 
buoyant by attaching it under their thwarts. 

If the distance from the wreck to tbe shore is great, swimmers might perhaps 
derive aid from a small raft consisting of at least three short spars firmly lashed toge- 
ther, and having numerous ropes attached so that the men may take a turn with them 
round their waist, to prevent their being w^ashed off; and this might be steered by 
hoisting a small but strong sail, but it would probably be stranded on outlying rocks 
or sand-banks, and the swimmers can then only advance unaided, or supported by 
corks, or light air-tight cases attached by straps passing under their armpits (for 
which purpose common square air-cushions strapped over the chest, and thus present- 
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ittg Only a tMii ©dge to tlie have been found convenient) : ^ they approach the 
shore, if they cannot find an inlet among the rooks, they must make for a smooth 
beach, if possible, and the moment they find they can obtain a footing they should nin 
on quickly, so as to get out of reach of the succeeding wave : a close-fitting fiannel 
dress would not much impede them in svyimming, and would he found useful to pro- 
tect them from the effects of cramp, and of the wind on landing ; and a light pair of 
shoes, which might he carried at the waist, would enable them to be of more service 
among rocks or flints. 

By means of the small line which is first taken ashore, a stronger one may be hauled 
thither, and bypassing it through blocks a constant communication may be esta- 
blished : in this manner great numbers of persons have been rescued from drowning. 


TABLES.* — See Addenba- 
TACTICS OF THE THREE ARMS. 

ON THE COMBINATIONS OF THE THREE ARMS IN THE COMPOSITION, 
FORMATIONS, AND MOVEMENTS OF ARMIES.* 

** Placer les- di®Srentea armes selon le terrain, selon le hut qu^on se propose, et celui que I’on 
peut supposer a I’ennemi; combiner leur action simultan^e d’aprfes les qualit^s propres h 
chacune d’dles, en ayant soin de les faire soutenir r^ciproquement j voilk tout ce que Part peut 
conseiller j c’est dans P^tude des guerres, et sourtout dans la pratique, qu*un ofiRcier supSrieur 
pourra acqu^rir ces notions, ainsi que le coup d’cei! qui inspire leur application opportune.”— 
JorMntfPtii^derArtdelaGuerreydvx^.'nuQxt<,A7» 

Relations sulsisting between the Combinations of the Three Arms and the results and 
fundamental conditions of warfare* 

The result of a battle is very materially affected by three things, which are in a 
great measure under control of the Generals who command, and exercise an influence 
which, if not independent of the courage of the troops engaged, is at least distract 
from the influence which courage exercises in deciding the issue of the shock of armies. 
These things are — 

1st, The choice of the field of battle. 

2nd, The disposition of the principal masses Composing an army relatively to those 
of the enemy, and the manoeuvres executed by them during the battle. 

3rd, The manner of developing the different species of destructive forces made use 
of in warfare, through the agency of the cavalry, infantry, and artillery. 

To a certain extent, the consideration of any one of these three things necessarily 
involves that of the other two, not merely from the necessity of viewing them together 
as concurrent causes concerned in the production of a given effect, hut more especially 
from the ultimate connection and mutual relations subsisting between them. 

Thus it is obvious that the relative importance of the three arms, and the order of 
their distribution in the arrangement of an army, must be essentially modified by the 
nature of the locality on which the array is to combat. Among rocks and thickets 
infantry is the best species of force which can act effectively ; on open plains cavalry 
may he considered the predominant arm ; and in the defence of defiles and the attack 
of posts artillery has the principal part to perform.t 


* By Captain Robertson, of Her Blajesty’s 8th Regiment. 

t The formation of troops and their preliminary dispositions depend much more on the nature of ' 


\^4r. . 
jv. . 
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Omitting, however, all considerations both of particular localities and of particular 
orders of battle, certain general principles may be laid down for the combinations of 
the three arms, solely founded on the relations which subsist between the distinguish- 
ing peculiarities in the mode of development of their destructive forces, and the fun- 
damental conditions of offensive and defensive warfare. 

Restj Ov the ability to maintain a position, is the essential condition of defensive 
combinations. 

Motion, or the ability to advance, is the essential condition of offensive combinations. 
In treating of the combinations of the three arms, the first thing to be done is, 
therefore, to consider how the development of the destructive power inherent in each 
is affected when subjected to one or other of these conditions. 

In modern warfare there are four distinct methods employed for effecting the 
destruction or defeat of an enemy, viz. 
l%t, The charge of camlry, 

2nd, The charge of infantry, 

3rd, The fire of infantry, 

4th, The fire of artillery. 

Of the Charge of Troops, 

In estimating the effect of a charge on the combinations of the three arms and of 
the circumstances in which a charge is applicable, it is necessary to consider the 
obstacles by which the charging body may be opposed, and the results which it is 
capable of obtaining. 

The obstacles by which a charge may be obstructed are — 

1st, Local impediments, whether artificial or natural, such as fortified posts, 
intrenchmcnts, abattis, inundations, enclosures, rivers, thickets, swampy or rugged 
ground. These impediments may either be such as to render a charge altogether 
impossible, or they may be such as merely to increase the risk and difficulty attending 
its execution. 

The particular consideration of this class of obstacles on military operations is 
treated under the subjects of Fortification and the choice of Positions.* 

The fire of artillery and musketry is another obstacle which offers a formidable 
obstruction to the charge of every species of troops. The effect of fire in opposing 
a charge depends partly on its intensity and partly on its duration, that is, on the 
length of time during which the charging body is exposed to its action. This length 
of time is determined by the range of the projectiles and by the distance and rate of 
motion of the charging body : as these vary, so does the effect of this obstacle. The 
protection of fire cannot be always successful against a sudden rush ; but a feeble fire 
may suffice to stop the advance of troops, if the distance they have to traverse be 
considerable and their rate of progression slow. 

A natural obstacle, by impeding the advance of an attacking force, may so greatly 
increase the effects of the fire by which it is opposed as to render a charge impracti- 
cable, though neither the magnitude of the obstacle nor the intensity of the fire 
might have been singly sufficient to stop the onset of resolute men. 

The nature of the result to be derived from a successful charge depends on the 


the ground than on any other consideration whatever. The strength of a position compensates for 
numerical weakness. 

Defiles in front of an army render superfluous a portion of the means of defence, and increase the 
difSculties of developing the means of attack. As regards details, the slightest consideration, and 
frequently instinct alone, is sufficient to render evident those modifications which the formations 
consecrated by usage must undergo in order to adapt them to particular localities.— il/crmowj''. 
Esprit des Imtitutiom MUUaircs, part iii, chap. 8. 

* See * Fortification, Field/ and * Position, Retrenched.* 
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Esprit des Insti- 
tutions Bfilitaires, 
part ii. sect. ii. 


relation wMcli subsists between tbe force that attacks and that against which the 
attack is directed. 

(1.) When both forces are of the same kind, if the troops composing each be equal 
in mimbers, strength, courage, and equipment, the result of a collision must necessa-* 
rily be uncertain, and will very probably be indecisive. 

If tbe force attacked be inferior in any of these points, it may, hy retiring, always, 
avoid a collision, and escape without sustaining any serious loss. 

When, therefore, the contending forces are of the same kind, all that can generally 
be effected by a charge is to drive the enemy from a position. 

The result of a successful charge is in this case limited to, the gain of a position j 
the destruction of the troops defending it, if effected at all, must be accomplished by 
..other means. 

The expediency of charges of this class must in each particular case be principally 
determined by a consideration of the relative numbers and comparative quality and 
efficiency of the opposing forces. 

(2.) When the attacking force possesses in close combat a natural physical supe- 
riority over the force attacked, the utter destruction of the enemy may he calculated- 
on as the probable result of a successful charge. The certainty of this result, and con- 
sequently the expediency of charges of this class, depends entirely on the possibility 
of bringing the charging body into contact with the object of its attack without its. 
suffering a greater loss that will be repaid by the destruction of the enemy. 

In each particular case this will be determined by a consideration of the descrip- 
tion of natural obstacles to be surmounted^ and of the intensity of the fire to ba 
encountered. 

Of the Charge of CmaXry>, 

Best is incompatible with the action of cavalry? that is to say, a body of cavalry,, 
when assailed, must either advance or retire? by simply remaining firm, it cannot 
either maintain a position or inflict any injury on an enemy. 

Marmont says, Close combat and hand-to-hand struggles are the objects of tbe 
institution of cavalry. 

“ It ought to thrust home the sword’spoint on the enemy, to crush and overwhelm 
his ranks by its shock, to annihilate his shattered forces hy a swift pursuit. 

^‘To pursue the enemy is its habitual office? for it is rare that a collision takes 
place at the instant of meeting : the less confident of the two parties stops and be- 
takes itself to flight.’^* 

Unless it be possible to bring cavalry into absolute contact with an enemy, it can- 
not be made available for his destruction,. 

The ability to advance is therefore the essential condition on winch depends the 
development of its destructive power. 

Charges of cavalry may be resorted to in order to effect three different objects:, 

1. To drive another lady of cavalry from the field. 

2. To destroy infantry. 

Z. To seize batteries of artiUery. 

(1.) A body of cavalry may by a charge compel another of inferior force to fly from 


* The principal uses of cavalry are— to prepare the way for victory, to render it complete by the 
capture of prisoners and trophies, to pursue the enemy, rapidly to succour a menaced point, to 
complete the overthrow of infantry previously shaken, and finally, to cover the retreat of infantry 
'■'..and artillery.' ■ 

The reasons are therefore apparent %vhy an army deficient in cavalry rarely obtains any signal 
success, and why it experiences such difficulties in its retreats . — Jominii Prdcis de VArt de la. 
Guerre, chap. viL art. 43 . 
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the field, and this result will probably be obtained without a collision taking place, 
— consequently, without any risk or loss being incurred by the charge. 

In order to cover the advance or retreat of infantry, it is sometimes expedient for 
one body of cavalry to charge another of equal or even superior force. When this 
happens, a collision ensues, the result of which must depend on the courage and 
strength of the respective combatants. The expediency of risking a contest of this 
sort depends on the importance of the object to be obtained by preserving the infantry 
from attack. It is sometimes essential to the plans of a General to risk the sacrifice 
of his cavalry for the preservation of his infantry. 

(2.) The success of a charge of cavalry against a body of infantry hinges on the 
possibility of the cavalry breaking the ranks of the infantry. 

If by its fire and by its bayonets the infantry cannot resist the charge, its destruc- 
tion is inevitable : retreat will not secure its preservation. 

Without venturing to afiSirm that it is physically impossible for cavalry to break an 
infantry square, experience certainly authorizes the assertion, that the result of a 
charge of cavalry against infantry in good order, and occupying a fixed position, is 
very likely to prove a failure.* 

To insure signal results from a charge, infantry should he attacked either when 
their ranks are in some degree broken and disordered, or when engaged in the execu- 
tion of a movement, and unable to assume a formation of defence. 

When infantry are regularly formed for the defence of a fixed position, previous to 
a charge of cavalry, a fire of musketry and artillery should be employed to break their 
formation and diminish the intensity of their fire. 

It was thus that Napoleon conducted his attack on the Prussian army at Jena. At 
Borodino also the fire of infantry and guns prepared the way for the successful efforts 
of the French cavalry. 

In resisting an attack, or opposing a pursuing force, opportunities frequently occur 
for cavalry to charge successfully without the co-operation of the other arms. Thus 
at Marengo, the pursuing columns of the Austrians were overthrown, and the tide of 
victory turned by a sudden and vigorous charge of French cavalry.f 

On account of the inability of infantry in movement to resist the attack of cavalry, 
it may perhaps he concluded that the opportunities for the effective employment of 
cavalry against infantry are greater when the cavalry is employed in defensive com- 
binations against a force moving to the attack, than when it is employed in offensive 
combinations against a force occupying a fixed position, 

(3.) When it is necessary to seize a battery by a charge, cavalry, if the ground he 
favourable for its action, is the species of force best adapted to execute this service. 

Though the bulk of a body of cavalry considerably exceeds that of a body of in- 
fentry, yet the rate of motion of cavalry is so much greater than that of infantry, that 
in traversing equal spaces the former will suffer much less than the latter. 

At the battle of Jena, the capture of a battery was the object of a brilliant charge 
of a portion of the French cavalry. 

When cavalry are employed to carry a battery, a body of infantry should follow 
closely for the purpose of securing the guns. 

♦ It h fidmitted that a general attack of cavalry against a line of infantry, in good order and at a 
oertain distance, cannot be successfully attempted unless supported by infantry and a very numerous 
artillery. We have seen how severely the French cavalry suffered in consequence of their acting 
contrary to thi& rule at Waterloo, and at Kunersdorf the cavalry of Fi-ederic experienced the same 

Me* '■ . ■■ ■ ; 

t The Auatrktn cavalry having left the field.— 
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Of the Charge of Infantry, 

A charge of infantry may gain a battle, but it cannot destroy an army. 

The object of a charge of infantry is either to capture guns or to dislodge another 
body of infantry from a position. 

(1.) When the capture of guns is the object of the charge, success depends on the 
charging body persevering in its advance until it reaches the battery. If this can be 
effected, an absolute result will be obtained. The risk of failure will be in proportion 
to the distance of the battery and the number of guns of which it is composed. 

No extraordinary effort is required for infantry to seize a few detached guns ; hut 
when the fire of many guns is concentrated to oppose its attack, the havoc created is 
so dreadful that the most courageous infantry frequently fails In the attempt to carry 
a powerful battery. 

At the battle of Leipsic, on the afternoon of the third day, the Allies concentrated 
on the French army the fire of 800 guns, disposed in a semicircle of two miles in 
extent. For four hours the French troops sustained, without flinching, this tremendous 
cannonade. During that period, columns of infantry repeatedly rushed forward to 
carry the batteries ; but, as soon as they arrived within range of grape, they were 
swept away, and their shattered remnants driven back in confusion. 

(2.) When one body of infantry charges another, excepting in affairs of posts, a 
collision seldom or never takes place.* 

The immediate result of a charge of infantry is simply to cause the enemy to 
abandon a position. Nor can this result be obtained, even by the aid of great nume- 
rical superiority, without the attacking force sustaining a severe loss from the fire of 
their opponents. In this respect the attack of infantry on infantry differs materially 
from that of cavalry on cavalry. 

Of Fire in General, 

Although motion is totally incompatible with the action of artillery, and very 
unfavourable to the development of an effective fire of musketry, yet both species of 
fire are available as well for the purposes of attack as for those of defence. 

That terrible iron shower which shatters the ranks of an attacking column and 
forbids it to approach a position is equally efficacious when employed to sweep away 
the battalions which defend it, and to compel them to fly from its far-reaching 
fury.' . 

In considering the effect of fire as a means of offence, it is, however, important to 
remark, that the troops against whom it is employed may by retreating neutralize its 
power as a destructive agent. 

The assailants may indeed pursue, but it is not possible at the same time to march 
and to fire with effect. 

Hence, while the retreat may be uninterrupted, the pursuit must consist of alter- 
nate advances and halts, and the pursuers will necessarily be distanced before they are 
able to effect the complete destruction of the beaten force. It may therefore he laid 
down as a general rule, that in offensive operations great and decisive results cannot 


* In actual warfare I have never seen combats of infantry otherwise conducted than by battalions 
deployed beforehand, who commenced firing at first regularly by companies, afterwards indepen- 
dently by files, or else by columns marching boldly against the enemy, who either gave way without 
awaiting the shock of the columns, or repulsed them before the moment of contact : it might be by 
the effect of their fire ; it might be by their firm demeanour, or finally it might be by rushing for- 
ward to meet their assailants. Scarcely anywhere hut in villages or defiles have I seen actual 
conflicts between columns of infantry, the heads of which struggled by the push of bayonets ; never 
in the field of battle have I seen anything like this. — Jomiui^ TrefcjA* de VArt de la Guerre, chap. vii. 
art. 44. 
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be obtained without the aid of cavalry, and that troops, if assailed only by infantry 
and artillery, may usually eflfect a retreat.^* ** 

The cases which present exceptions to this rule are those in which it is possible to 
concentrate a powerful fire on a mass of men entangled in a defile or other situation, 
where they cannot escape from its effects. Thus, at Ritoli, an army was precipitated 
into a defile and destroyed by musketry; and more recently some batteries of horse 
artillery made frightful havoc among the masses of the Sikh army while endeavour- 
ing to escape across the Sutlej, after being driven from their intrenchments at 
Sobraon. 

Of the Fire of Infantry, 

The destructive efiTect of fire is modified by two classes of circumstances,— by those 
circumstances which affect the facility of its concentrated application, and by those 
which affect the intensity of the force of the projectiles and the extent of their 
range. 

The momentum of a musket-bnllet is vastty inferior to that of a cannon-hall, hut 
the destructive power of musketry is capable of greater concentration than that of 
artillery. The fire of a line of infantry within the limits of its range is therefore 
more formidable than that of a battery of the same extent of front. 

In defensive combinations, the position of the infantry being fixed, its fire is steady 
and uninterrupted. In these combinations the power of musketry acts under the con- 
ditions most favourable to its effective development. 

It is available at all times and in every locality, and ought to he regarded as the 
most certain and universally efiSicacious means for checking the advance of an enemy 
and repelling his attack. 

Motion being incompatible with the maintenance of a steady fire, musketry cannot 
he so effectively employed for the purposes of attack as for those of defence. 

A cloud of light troops should, however, always accompany those of a column ; the 
fire of the skirmishers wfill weaken and distract that of the troops defending the 
position attacked, and will materially contribute to the success of the operation. 

If the troops defending a position have suffered no serious loss from the fire of 
artillery, and can only be assailed in front, the fire of skirmishers will he too feeble to 
cover effectually the charge of infantry : in such cases, previous to endeavouring to 
close with the enemy, it may sometimesf be advisable for the advancing infantry to 
deploy, and, as it advances, occasionally to halt, and endeavour to shake the enemy's 
line by a fully developed fire of musketry. 

Fire of Artillery, 

The efficiency of the fire of artillery is in proportion to the number of guns, the fire 
of which can he concentrated on a given point. 

The facility of concentrating guns is therefore an indispensable condition to the 
effective employment of this species of fire. 

In defensive combinations, the artillery of an army must generally be distributed 
over a great extent of ground, and at critical moments the fire of powerful batteries 
cannot always be made available at those points where the most vigorous efforts axe 
required to repulse the attack of the enemy. At any particular point, however, the 
fire of artillery doubles the strength of a position, not merely (as Jornini observes) on 


* In 1813 the Russians were beaten at Lutzen and Boutzen by tbe infantry alone. In a moral point 
of riew these victories were of great importance, but no real material advantage resulted from them. 
A flying enemy can always rally, unless a blow is rapidly struck in tbe first moment of disorder.— 
Mcmtiordi EsprU dm ImUtutions MiUtaires^ part ii. chap. i. sect. 2. 

t No British troops ought to be in column within canister-shot. — Editm's, 
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account of the great distance at which its mischievous effects begin to he felt, and the 
discouraging influence thereby exerted on troops marching to the attack while they 
are afar off, but also on account of the havoc which, when they approach within the 
range of grape, is inflicted on them by the fire of this arm. 

In offensive combinations, artillery should he as much as possible concentrated, and 
the fire of formidable batteries brought to bear on those points where it is desired 
that the greatest impression should be made. 

The fire of infantry, which is the great staple of defence, and which is available 
against every other species of attack, cannot reach a distant battery. 

When, therefore, a position is assailed by artillery, as soon as the guns defending it 
are silenced, the sole means of opposing active resistance to this species of attack, 
by troops subjected to the conditions of defence, is destroyed either the position 
must he abandoned, the troops defending it must assume the offensive, or they must 
passively submit to the havoc caused by the fire of their assailants' batteries. 

Whenever powerful batteries are concentrated on a given point in order to over- 
whelm an enemy by the superiority of their fire, Marmont says, that artillery becomes 
the principal arm of attack ; and whether the batteries employed be weak or power- 
ful, it need scarcely be noted that in the attack of fortified posts artillery has always 
the principal part to perform. 

ComMmtion of the Three Arms in the ComposUim md Organization of m 

Army, 

Jomini says, it may he admitted as a general rule, that one-sixth part of the force 
of an army in the field should be composed of cavalry. This may be regarded as a 
maximum. Three pieces of artillery to a thousand men is by the same writer fixed 
as a maximum, which experience teaches need never he exceeded,*'* When the 
infantry and cavalry are courageous and well disciplined, a smaller proportion of 
artillery will suffice, and in most circumstances good troops will not require more 
than two guns to a thousand men . — Vide Aide-Mernoke, article * Artillery/ 

In this organization of an army, the range of artillery forms the most natural and 
proper basis for the primary combinations of the three arms. 

In these primary combinations the number of guns and the strength of the cavalry 
are arbitrary ,t but the strength of the infantry should be so proportioned to the range 
of the guns, that the front of the infantry when deployed shall not exceed double the 
effective range of the guns. 

* The effective strength of the infantry being represented by unity, that of the cavalry should be ^ 
in a war carried on in a champaign country such as Belgium or Germany; j in a country like Spain, 
and only ^ in a country like Italy. 

In 1832 the ratio of the different arms in the French army was-— Infantry = 1; Cavalry 

1 i 1 


54:’ 


Artillery *= Sappers and Miners (gMe) s 


~ } Waggon train (Equipages) = (Lam^s 


Aide-Memoire^ chap, xii. section 1 .) 

In July, 1848, the ratio of the different arms in the British army was — 

Infantry (Colonial corps and Marines serving ashore included) ; 


Cavalry (Cape mounted Eifles included) 
Artillery 


.-JL 

' 10 - 53 ' 

- ' 

■ 11*32 
1 

Sappers and Miners . = 

Calculated from the numbers given in the * British Army Dispatch of 14th July, 1848. 
t In the corps d’arm^e organized by Napoleon at the camp of Boulogne, the cavalry was alto- 
gether withdrawn from the divisions. This system, though the Emperor adhered to it in his 
subsequent campaigns, is not approved of by Marmont. — Vide Esprit des JmtUuiions Milituires^ 
part iii, chap, i ; see also Jomini, Precis de VArt de la Guerre, chap, vii, art. 43. 
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By adding to an assemblage of mixed divisions, organized in this way, two reserves, 
the one composed exclusively of artillery, the other of a mass of cavalry, supported by 
a few horse batteries, a force will be constituted in which the three arms are combined 
in a way which is adapted to the exigencies both of defensive and otfensive warfare. 

In the mixed divisions the three arms mutually support one another, and are so 
combined as to facilitate the simultaneous development of their destructive powers, 
which is the mode of development most suitable to the conditions of defence. 

By means of the reserves the power of each arm may be developed separately and 
the different arms made to act successively, which in otfensive operations is frequently 
preferable to their simultaneous employment. 

The proportion in which Marmont recommends that the three arms should he com- 
bined in the mixed divisions is, two batteries of foot artilleiy and seven or eight 
hundred cavalry to eight or ten thousand infantry. 

These proportions are applicable to the three-deep formation of infantry, in which 
the extent of the front of a division of 10,000 men is about 1950 yards. In the two- 
deep formation, even 8000 men is too great for the maximum limit of the strength of 
the infantry of the mixed division. A line of 8000 men formed two deep is upwards 
of 2300 yards in length, and assuming 1200 yards as the maximum effective range of 
field artillery, two batteries placed one on each flank of a line 2300 yards in length 
would afford a very feeble defence to the central parts of the intermediate space. 

Two batteries cannot afford an efficient defence to more than 6000 infantry formed 
two deep : this is at the rate of two guns to a thousand men, hut in order to provide 
for the support of the cavalry and the formation of batteries of reserve, three guns to 
a thousand men will be required if tw’o batteries and 6000 men be fixed as the proper 
strength of the artillery and infantry in the composition of the mixed division.* * *** 

The strength of the cavalry reserve, Marmont says, should in no case exceed 6000 
men, that number being sufficient to insure success in any enterprise which cavalry 
can reasonably attempt. 

Napoleon, he adds, in his last campaigns organized corps of cavalry composed of 
three divisions, and numbering at least 12,000 horses : this idea was monstrous, and 
incapable of any useful application on the field of battle. 

The annexed states exhibit the application of the above principles to the details of 
the composition and organization of an army in wffiich 48,000 infantry is assumed as 
the basis for the formation of the force. (See States^ Numbers One and Jbo, given 
in the next page.) 

According to this view the mixed division is the elementary fraction in which the 
three arms are first intimately combined. 

An army is the unit or perfect whole, and is constituted by the combination of 
cavalry and artillery reserves, with a suitable number of mixed divisions. 

When the force placed under the command of a General exceeds 100,000 men, the 
cavalry, infantry, and artillery should not be united by the direct combination of their 
aggregate masses, but a multiple organization should be adopted by dividing the force 
into two or more bodies, called corps d^armee^ each containing a proper proportion of 
cavalr}^, infantry, and artillery, and so organized as to constitute a distinct and inde- 
pendent army, capable of being employed either separately as an individual unit, or 
conjunctly as one of those composing the total of a compound body. 

* If tlie division be unavoidably formed in two lines, the artillery being only required for the 

defence of the front line, the strength of the infantry may be doubled, that is to say, two batteries 
will auiSce for 12,000 men . — Vide Appendix B. 

every division of infantry is divided into brigades, the most natural formation will 
have at least one brigade in reserve, or in a second line.— EVijforj?, 
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STATE NUMBER ONE. 

Com^miiion of a Corps d’ Armhy 2 Guns to 1000 Men, 


Description of 
Force. 

i 

1 

Q 

Composition of one Diviaiou. 

Total Force. 

Battalions of 1000 
men. 

Squadrons of 100 
men. 

Batteries of 6 Guns. 

Infantry. 

a3 

1: 

'q ' 
H'o 

1 

Guns, 2 to 1000 
men. 

Foot Field 

Artillery. 

' 

Horse 

Artillery. 

Reserves and 
Position. 

Mixed Divisions . 

6 

8 

6 

2 


- 

48,000 

3600 

96 

Cavalry Reserves . 

2 

•* 

30 


1 



6000 

12 

Artillery Reserves . ' 


• • 

- 

•• 

2 

3 

•* 


30 

Total . . . 



•• 

•• 

•V 

• • 

48,000 

9600 

138 


STATE NUMBER TWO. 

Composition of a Corps cTArmee, 3 Guns to 1000 Men (itearlyf). 


Description of 
Force. 

No. of Divisions. 

Composition of one Division. 

Total Force. 

Battalions of 1000 
men. 

Squadrons of 100 
men. 

Batteries of 6 Guns. 

Infantry. 

6 

■ ■ ■ 

■ ‘S 

H(0 

■ -a 

Guns, 3 to 1000 
Infantry. 

Foot Field 
Artillery. 

0) <w 

is 

Reserves and 
Position. 

Mixed Divisions . 

8 

6 

4 

2 



48,000 

3200 

144 

Cavalry Reserves . 

2 

•• 

30 

•• 

1 



6000 

12 

Artillery Reserves . 

•• 

•• 

•• 

•• 

2 

3 



30 

Total . . . 

- 

•• 

•• 

•• 

•• 


48,000 

9200 

18G 


ComUnatiom of the Three Arms for the Defence of a Position, 

In circumstances where troops act wholly on the defensive (as for instance in the 


i, 
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defence of works), artillery and infantry are tlie only descriptions of force wliicb 
can act effectively ; in such circumstances, cavalry is less required. An army in the 
field, however, should always he prepared to repulse the attack of an enemy, not 
merely by the vigorous use of those means by wdiich an assault is repelled, but also 
by the development of all its offensive resources, through the medium of a judicious 
counter-attack. 

Jomini says, ** A General who awaits the enemy like an automaton, without having 
formed any other design than that of fighting bravely, is invariably forced to give way 
whenever he is properly attacked ; not so a General who awaits an attack with the 
firm resolution to combine great manoeuvres against bis adversary, so as to regain the 
moral advantage given by the impulse of attack, and by the certainty of bringing his 
masses to bear on the most important point, — a certainty which in combinations simply 
defensive can never be secured. 

“ He indeed who awaits an attack in a well-chosen position where his movements 
are free, has the advantage of observing the approach of the enemy. His troops, 
properly arranged relatively to the ground and aided by batteries so placed as to act 
with the greatest effect, have it in their power to make their adversaries pay dearly 
for the ground that separates the two armies ; and if the assailants, already shaken by 
their serious losses, find that they are themselves attacked at the very moment when 
they imagined victory within their grasp, it is not probable that the advantage will 
remain on their side, for the moral efibet of the offensive being in this way assumed 
by an adversary believed to be beaten is well calculated to stagger the most 
aiidacious.^^ 

In accordance with these views, Jomirii defines the objects of defence to be — In 
the first place by multiplying obstacles to impede the approach of an enemy, and 
afterwards by the judicious management of strong reserves to he able at the decisive 
moment to act vigorously on the offensive at points wdiere a feeble resistance is all 
that the enemy has been led to expect, and all that he is prepared to contend with.'^ 

It is obvious, that in conducting the defence of a position on these principles 
cavalry will be no less serviceable than the other arms. 

Il In the formation of an array for the purposes of defence, certain general dispositions, 
such as the arranging of the force in several successive lines, the order of formation 
of the troops on each alignment, and the relative positions of the cavalry, infantry, 
and artillery, are in a great measure independent of the nature of the position to be 
defended. The details of formation, such as the configuration of the lines of defence 
(whether straight, convex, concave, or irregular), the distance between the different 
lines, and the proportion of the total force which should be allotted to each, cannot 
be absolutely determined. These details depend principally on local circumstances, 
and require to be so arranged that the lines of formation may correspond with the lines 
of defence determined by the accidents of the ground to be occupied, and that a 
greater force may be provided for the defence of those points where no natural 
obstacles exist, than for those where the ground is strong and the position difficult of 
access.* . . 

The following outline of the method of arranging an army for the defence of a fixed 
position only embraces those points which are common to all defensive arrangements. 
It will be found consistent with the general practice of modern commanders and 
suitable to the conditions imposed on the development of the power of the three 
arms by the objects of Defensive Warfare. 

The infantry is drawn up in four alignments. 


* See article ‘ Position.*' 
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, The troops on the first alignment are formed at open or skirmishing order; on the 
second they are in close order; on the third, formed in columns of Battalions at 
deploying distance, supported by strong di'visions, each consisting of one or more 
brigades formed in mass of battalion columns. 

The skirmishers being always detached from the line in their rear are not reckoned 
as a distinct corps ; although therefore the development of the infantry is fourfold, 
yet its division is only threefold. The three fractions are respectively distinguished 
as the first and second lines and the reserve. 

The cavalry is drawn up in rear or on the flank of the infantry. 

The squadrons of the mixed divisions are distributed along the rear of the second 
line of infantry, immediately behind the divisions to which they are attached, out of 
cannon-shot. 

The cavalry reserves may he formed in echellon on the flanks of the army, or they 
may be posted in rear of the second line of infantry, so as to support some particular 
part of the position where the ground is favourable for the action of cavalry. 

The artillery attached to the mixed divisions, reinforced by a portion of the heavy 
batteries of the reserve, should be so placed as to flank the deployed line of infantry 
in the same way as the bastions of a fortification flank the intermediate curtains,* 

By this axTangement a cross fire of artillery will co-operate with a direct fire of 
musketry to defend every point of the position, and to oppose the approach of an 
attacking force. The horse batteries, f and the remainder of the heavy batteries of 
the artillery reserve, are formed in columns on the flank, or in the rear of the infantry 
reserves. 

When an army thus arrayed for defence is attacked by an enemy, the first resistance 
is offered by the skirmishers detached from the first line. Extended in front of the 
position, supported by squadrons of light cavalry, and, where possible, protected by 
natural obstacles, these troops by a fire of musketry vigorously oppose the cloud of 
light troops thrown forward by the enemy to cover the deployment of his columns. 
As soon as the enemy approaches within cannon-shot, the artillery by which the 
position is defended opens its fire, first co-operating with the efforts of the light troops 
in retarding the establishment of the hostile batteries, and afterwards endeavouring 
to'silence their fire and dismount their guns. 

When the light troops of the defenders have been driven in, should the enemy push 
forward masses of infantry, the fire of the infantry and guns occupying that part of 
the position which is assailed are concentrated on these troops. t 

If the advancing masses are not checked by this concentrated fire, a bold charge of 
the opposing line often strikes them with dismay, arrests their progress, and drives 
them back in confusion. 

* Artillery in an order of battle is placed at the salients, and at those points where the position is 
weakest, either from those points -being easy of access, or from tbe smallness of the force defending 
them. It ought to be placed so as to enfilade the different roads, communications, ravines, and out- 
lets of valleys by which the enemy can present themselves ; above all, it is necessary that it should 
be able to play upon the foot of the heights upon which it is established : eightfeetin one hundred is 
the maximum of inclination of those slopes which offer an advantageous position for a battery.— 
chap. xii. sect, 1, 

t At least one-half of the horse artillery should be kept in mass with the reserve, in order to be 
rapidly moved to any point where it may be wanted.— Jomim, Precis de VJLrt de la Guerre^ vol. ii. 
p, 274 ; see also r Esprit des Institutions Militaires, ■part iii. chap. I . 

X It ought never to be forgotten, that in action the principal office of every species of artillery is to 
crush the troops of the enemy, and not to reply to his batteries j nevertheless, it is well not to leave 
the enemy’s batteries entirely unmolested : a third part of the disposable guns may therefore be 
employed to annoy the enemy’s artillery, but at least two- thirds must be constantly employed 
against the infantry and cavalry. 
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If, instead of infantry-; masses of cavalry be employed to force a position, the 
infantry defending it form battalion squares, the ammunition waggons and limbers 
are withdrawn, and the guns distributed in half-batteries or sections between the 
squares, within which at the moment of attack the gunners take refuge. 

If the enemy fail in breaking the squares, the cavalry in rear of the division 
attacked instantly charges and gradually succeeds in driving back the assailing 
squadrons. The attacks of the French cavalry were in this way repeatedly repulsed 
by the Austrians at Aspem (or Essling), and by the British at Waterloo. 

The first efforts of an attacking forcje are invariably resisted by the skirmishers and 
first line of the force attacked, in the manner above described. 

Should the enemy be successful in overcoming the resistance of the first line, the 
same uniformity of practice does not exist -with regard to the method of employing 
the second line and reserves in resisting his further progress. Sometimes, after the 
repulse of the first line we find the second line deploying, assuming a new line of 
defence, and defending it precisely on the same principles as the first line was 
defended: meanwhile the reserves manoeuvre so as to be ready in case of a second 
disaster to deploy in a third position, and to endeavour to maintain it by a third 
repetition of the original system of defence. Sometimes, on the other hand, as soon 
as the enemy’s plan of attack is fully developed, or at all events as soon as it becomes 
evident that the first line will not be able to maintain its ground, we find the second 
line, in co-operation with the cavalry reserves, assuming the offensive, and endeavour- 
ing by the combination of skilful manoeuvres with a hold counter-attaek to drive back 
and overthrow any portion of the hostile force which may either have succeeded in 
penetrating the first line, or which may have compromised itself in making the 
attempt. . ^ 

The advantages of the latter system have already been indicated, and some furtber 
observations wiU be found in tbe next section, tending to shew, that if the second line 
simply attempt to maintain its position, it runs a great risk of being involved in the 
defeat of the first, whereas, if it boldly attack the enemy before his troops have time 
to recover from the disorder occasioned by their struggle with the first line, it is 
highly probable that the efifort will be successful, and will result in the complete 
repulse of the enemy's force. 

Nevertheless, it must be admitted that there are cases where the opposite system 
may be adopted with advantage, and that good troops arrayed in a series of defensive 
lines may maintain themselves in a strong country against very superior numbers, 
whereas by attempting to operate offensively they would in such circumstances incur 
a great risk of involving themselves in a contest, which, in case of the issue being 
unfavourable, would result in their total ruin. 

Rear-guards, when attacked, are usually obliged to conduct their defence on this 
system, to avoid the risk of more than one line being forced by a single effort: the 
distance between the lines should he considerable; the line in the rear should be 
supported by artilleiy, and the defence of the first line should be abandoned in time 
to prevent the troops being broken and overwhelmed by contact with the superior 
masses of the enemy. 

VomMnations of the Three Arms for the Attach of a Position, 

The following observations respecting combinations for attack are extracted from 
the 4th chapter of Jomini's * Prte de I'Art de la Guerre : ' 

“ The essential object of an offensive battle being to dislodge the enemy from his 
position, and above all to throw him into the utmost possible disorder, the , employ- 
ment of physical force must usually be relied on as the most efficacious means for 
arriving at these results. Nevertheless, it sometimes happens that the hazard of 





TACTICS OF THE THREE ARMS. 


629 






A 


trusting solely to the employment of force is so great, that success maybe more easily 
obtained by means of manoeuvres calculated to outflank the wing of the enemy^s 
army which is nearest his line of retreat.” 

Of these two means of attack, being the employment of physical force, and the 
employment of outflanking manoeuvres,* the former is that which is the intermediate 
object of the present investigation. Concerning it, Jomini delivers the following 
maxims ' ' 

It is difficult to determine, in an absolute manner, which method is the best that 
can be employed to force an enemy's line to quit its position. Any order of battle or 
of formation which should succeed in combining the advantages of fire wuth those of 
the impulse of attack, and of the moral effect it produces, would be a perfect order. 
Lines and columns, skilfully mingled, and acting alternately as circumstances and 
opportunities vary, will always be a good system.” 

In the following passage, Jomini first describes the method of combining artillery, 
cavalry, and infantry, in attacking the first line of an enemy; he then discusses the 
value of success in the first shock, with reference to the manner in which such success 
affects the ability of each of the contending armies to renew the struggle, and to the 
influence which it exercises on the final event of the engagement. 

“ The different means that must be used to carry a position, that is to say, to break 
the enemy's line, and to compel it to retreat, are, first, to shake the line by a superior 
fire of artillery, then to produce in it a certain degree of disorder by a well-timed 
charge of cavalry, and finally to direct on the line, thus shaken and disordered, masses 
of infantry, preceded by skirmishers, and flanked by a few squadrons of cavalry : even, 
however, taking it for granted that a combined attack of this sort will be successful 
against the enemy’s first line, there still remains to be beaten the second line, and 
after it, the reserve. At this point the diflicnlties of the attack would, therefore, have 
only become more serious than before, were it not that the moral effect of the defeat 
of the first line frequently leads to the retreat of the second, and causes the General 
of the army attacked completely to lose his presence of mind. 

Yet it is evident, that in spite of their success, the troops of the first line of the 
assailants must also be somewhat disorganized, and that it will frequently be very 
difficult to replace them by those of the second line ; not merely because the troops 
of the second line do not always follow the movements of the operating masses after 
they arrive within the range of musketry, but more especially because it is always 
hazardous to replace one division by another in the midst of a battle, and at the instant 
when the enemy should make the most powerful efforts to resist the attack. 

“ Tliere is, then, every reason to believe, that if the General and the troops of the 
force attacked did their duty, retained their presence of mind, and were not menaced 
on their flanks and line of retreat, the advantage of the second shock would be 
almost always on their side. But, in order to secure this result, it is absolutely 
essential to recognize by a rapid and decisive glance the precise instant when it 
becomes expedient to precipitate the second line and cavalry reserves upon the 
victorious battalions of the enemy. Even the loss of a few minutes may become 
irreparable, for the risk is incurred of the second line being involved in the defeat of 
the first, and hurried away with it in its flight. 

The following truth respecting the conduct of an attack results from the 
preceding observations : 

The most difficult, but at the same time the most certain, means of success is, to 
support efficiently the line first engaged by the troops of the second line, and these 


* The battle of Vittoria is a good example.— Ff/iitfj'A*. 
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by the reserve, at the same time carefully calculating the employment of the cavalry 
and artillery reserves, so that the decisive struggle with the second line of the enemy 
may be aided by their co-operation. 

'‘This is the greatest of all the problems connected with the tactics of battles. 

“ It is in the resolution of this important problem that theory becomes uncertain 
and difficult in its application, because it here finds itself unequal to the emergency, 
and must always remain inferior to the spontaneous suggestions of a genius naturally 
warlike, or the instincts of an eye habituated by the practice of command to survey 
the turmoil of battle with a calm, intrepid, penetrating glance. To devise means at 
the decisive crisis of an engagement for the employment of a force composed of all 
the arms combined in the greatest possible numbers (exclusive of a very small reserve 
of each arm, which should always be kept on hand), is then the problem to the reso- 
lution of which every skilful General will apply himself, and according to the condi- 
tions of which he will regulate the movements and combinations of the forces under 
his command. 

“ Most commonly the decisive crisis of an engagement is the moment wdien the 
first line of one of the contending armies is broken, and when the utmost efforts of 
both are exerted—on the one side, in order to complete the victory ; on the other, in 
order to snatch it from the enemy. 

“It is umiecessaiy to say that a simultaneous attack on the enemy’s flank will 
have a most powerful influence in rendering the decisive blow more certain and 
effectual.” 

The following sketch of the formation of an army for an attack, and of the manner 
of conducting it, is, with some alterations and abridgements, translated from Giusti- 
niani’s ' Essai sur la Tactique des trois Armes.’ 

When an army approaches the position which it is intended to assail, and, as the 
ground opens, the distance between the columns of route is diminished, and the 
breadth of their fronts is gradually enlarged, ^ ^ 

When the advanced guards begin to feel the enemy’s piquets, an order of manoeuvre 
is assumed, by subdividing the columns of route, first into columns of divisions, and 
then into columns of brigades, between the heads of which, intervals sufficient for 
deployment are preserved. 

Within three-quarters of a mile or a mile of the enemy the formation of attack is 
developed.* Bands of skirmishers, supported by the cavalry and artillery attached 
Vide Appendix B. to the divisions, are thrown out. Covered by the fire of the skirmishers and guns, 
the masses of columns halt and deploy into line of contiguous columns, which are 
formed either simultaneously or successively on a double alignment; the reserve 
takes its station 1000 or 1200 yards in rear of the second line. 

When the enemy’s skirmishers have been driven back to a sufficient distance, the 
batteries advance and are established as close as possible to the hostile line. The 
infantry follows, and the cavalry attached to the divisions retires and takes post in rear. 

The enemy’s position is now vigorously cannonaded in its whole extent : such 
battalions of the front line as are much exposed to the projectiles of the enemy 
deploy, and wherever it is practicable to get within range, a fire of musketry is 
opened on the hostile line. 

These general demonstrations, when judiciously conducted, by pressing tbe 
enemy on several different points, are calculated to distract his attention, and 

* A column of 30,000 infantry marching on a single road, with full distance between its sections, 
occupies about 8700 yards. From two hours to two hours and 40 minutes will be required to enable k 
this force to deploy on a double alignment, one-half of the force to tbe right, and the other to the 
left of the road. 
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to give a wrong direction to the movements of his reserves. Meanwhile, prepara- 
tions are made for a decisive effort : for this purpose a favourable point is selected on 
prtTis dei’Art which the fire of the artillery reserve is suddenly concentrated; under cover of this 
fire, arrangements are made to precipitate an overwhelming force on the troops by 
which it is defended. 

This force should consist both of cavalry and infantry. 

The order for it to advance should not be given until the enemy^s line shews 
symptoms of being shaken by the cannonade. 

At length it is perceived that its fire begins to slacken, or perhaps some indicatic ns 
are observed of an intention to effect a change of position. 
i' This is the critical moment to command a charge. 

f According to circumstances, either the cavalry or infantry may lead. When the 

I cavalry leads, the charge is executed in several successive lines. 

; If the troops attacked have not time to form squares, or if the squares give w^ay, 

not only will the position be carried by this method of attack, but the infantry 
defending it will he ridden down and destroyed. 

Columns of infantry formed at deploying distance should follow the cavalry. 

According to circumstances, these columns may either continue their advance, 
deploy on the position they have won, or, if to save his broken infantry, the enemy 
bring foiward his reserves of cavalry, they must form square so as to enable the 
squadrons dispersed in pursuit to be collected and re-formed in their rear. 

Should it be determined to employ infantry to carry a position, a line of battalion 
columns, connected by skirmisliers filling the intervals, is the formation which seems 
Vide Appendk A. to combine the greatest mmiber of advantages. 

The cavalry deployed on the flank of the line of columns is ready to repulse any 
attack of the enemy ^s cavalry. 

If on the near approach of the attacking columns the troops defending the position 
give way, the cavalry must endeavour to cut off their retreat, and effect their 
destruction by a charge. If this cannot be effected, the infantry columns will halt, 

I the guns and second line will move forw'ard to their support, and preparations will 

be made either for maintaining the ground that has been gained, or for a further 
advance, as circumstances may require. 

The general views contained in the following extract from Laisnd^s ^Aide-Memoire 
Portatif will serve to connect together the preceding sections, and to conclude the 
subject of Attack and Defence. 

“ All the combinations for the conduct of an army in a battle maybe reduced 
to three systems. 

*‘ The first system, which is purely defensive, consists in awaiting the attack of an 
I enemy in a strong position, without any other design than that of maintaining 

\ possession of the ground. 

^ “ The second, on the contrary, which is entirely offensive, consists in marching to 

attack the enemy wherever an enemy can he found. 

^ ‘ “The third is a middle term between the two others; it consists in choosmg an 

advantageous field of battle, awaiting the attack of the enemy, and seizing during the 
: combat a favourable opportunity to assume the initiative. 

“ It is only the two last systems which can be advantageously adopted, 
i “ Regarding the application of these two, the following rules may be laid down as 

; generally, though not absolutely and invariably, true : 

' * In conducting an attack, care must be taken not to compromise the foot artillery. It may be 

; placed so as to afford elKcient support to the troops without following too closely the attacking 

columns.— Jowi/it, Pr/m' de I* Art de la Guerfe, chap. vii. art, 46. 
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Giustiniani. 


1. With troops accustomed to war and in an open country, it is always most 
advantageous to assume the initiative, and to act on a system purely offensive. 

2. In a difficult country, with well-disciplined and obedient troops, it is perhaps 
most advantageous to await the attack of the enemy in a good position previously 
selected, and not to assume the offensive until the enemy's troops have by their first 
efforts, to a certain extent, exhausted their strength. 

“3. The strategical position of the two parties may render it indispensable for one 
of them to attack by main force the position of his adversary, without any reference 
to local considerations; for example, this’maybenecessary,topreventthe junction of 
two corps, to fall upon a detached portion of an army, or to overwhelm an isolated 
corps on the further bank of a river." 

ComUnations of the Three Arms in the Mo'vements of Armies. 

The general principle for the regulation of these combinations is laid down in 
Giustiniani's Ninth General Rule— 

“In manoeuvres and march manoeuvres, in order to facilitate the simultaneous 
movements of the three arms, it is necessary carefully to avoid obliging any one of 
them to adopt the rate of march peculiar to the others." 

In route-marching on a high road the infantry march at the head of the column, 
next come the artillery and baggage, and the cavalry bring up the rear : the hours of 
commencing the march are so regulated that considerable intervals may separate 
each species of force. 

When manoeuviing in presence of an enemy, the three arms should not be mingled 
in the same column, but each arm should move on the point where it is to form in a 
separate column ; the cavalry generally being in the flanks, the infantry in the centre, 
and the artillery between the cavalry and infantry, and also, when the infantry 
columns are numerous, in the intervals between the columns. 

When cavalry manoeuvres in &ont of infantry, the infantry ought to be formed in 
battalion columns at deploying distance. If the cavalry be beaten, the broken squa- 
drons retire through the intervals of the columns which form square, and oppose by 
their fire the pursuit of the enemy’s cavalry. 

When, on the other hand, infantry manoeuvres in front of cavalry, the cavalry 
ought to deploy in their rear, ready to cover by a charge the retreat of the infantry. 

In the movements of lines, whether executed by the fractions moving alternately in 
chequer or successively in ^chellon, the artillery is so distributed as to fire by alter- 
nate divisions. The cavalry is kept in readiness to debouch either by the fianks of the 
line or by the intervals between the fractions of which its formation is composed. 

The retreat of a line retiring by alternate or successive fractions is greatly 
facilitated by a sudden and judicious display of cavalry. 

“ In all offensive movements, and especially in the passage of lines to the front, 
the artillery supported by cavalry precedes the infantry, and covers the movement 
by the formation of batteries in a lateral and advanced position, so as to bring 
a cross fire to bear on the enemy. 

“ If, on the other hand, it is required to effect the passage of lines in retreat, a 
portion of the artillery is placed in a good position in rear, — the remainder continues 
its fire Until the first line of troops begins to retreat, and then follows the movement. 
The cavalry is kept in readiness to check the pursuit by a charge." 

In changing the direction of a line, a strong battery is first established on the 
pivot flank. 

When the change of direction is to the front, the cavalry takes post on the outer 
flank, and follows the movement. When the change is to the rear, the cavalry 
masks and covers the movement by deploying on the old alignment. 
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CONCLUSION. 

A. sketcli has now been given of the principles which ought to regulate the 
combinations of the three arms. It cannot be doubted that the proper application 
of these principles exercises a very important influence on the result of battles. 

But however highly this influence may be estimated^ it must be admitted that 
there is much truth and force in the following remark of Jomini; 

“ Victory does not always depend on the superiority of the arm employed, but 
equally on a thousand other circumstances. The courage of the soldiers, the 
presence of mind of the General, a well-timed manoeuvre, cold, heat, rain, and even 
mud, have all contributed to reverses and successes. Let us, then, conclude, as 
a general maxim, that a brave man, whether on foot or on horseback, should always 
be able to get the better of a coward.” /, . 

: APFENDIX ' A. ■ 

Formationft for Attack * 

1. C7(2M/r?/.— -The formations wbich are most suitable for the execution of charges 
against cavalry, infantry, and artillery, are explained in the article ‘ Manoeuvres of 
Cavalry.^^ ■ 

2, Infantry . — In arranging a mass of infantry for the attack of a position, one or 
other of these four systems of formation must necessarily he adopted: 

1. It may be formed in a line consisting of two or three ranks. 

2. In a line of battalion columns. 

3. In a mass of columns. 

4. In a line partly deployed and partly in column. 

Concerning the first of these three systems Jomini writes— “Is it possible to 
conduct the march of an immense line, consisting of battalions deployed and firing 
as they march ? I believe that it is not. To set in motion, with the view of carrying 
a well-defended position, twenty or thirty battalions formed in line, and keeiiing up 
a fire either by files or by divisions, is to resolve to arrive at the position in disorder, 
like a flock of sheep, or rather it is to resolve not to arrive there at all.” 

Concerning the third system he says, “This is certainly the formation which is 
least suitable for leading troops against an enemy. We have seen in the last wars 
divisions of twelve battalions deployed and heaped on one another, forming a mass of 
thirty-six crowded ranks. Such masses are exposed to the ravages of artillery,— they 
impede freedom of movement and the communication of a forward impulse, without 
contributing anything to stability and strength. The adoption of this formation was 
one of the causes of the failure of the French at Waterloo, and if Macdonald’s column 
succeeded better at Wagram, it paid dearly for its success ; nor is it probable that 
this column would have extricated itself victoriously from the situation in which at 
one time it was placed, had it not been for the favourable issue of the attack of 
Davoust and Oudinot on the left of the Archdulie.” 

The second and fourth systems are both spoken of with approbation by Jomini. 
He says, “ Of all the experiments which I have seen to ascertain the best formation 
for leading infantry against an enemy, that which seemed to me to succeed tlie best 
was the march of twenty-four battalions in two lines of battalion columns formed at 
deploying distance. The first line advanced at the quick step, and, on arriving within 
twice the range of musketry, deployed in double time. The light companies of each 
battalion extended to cover the formation ; when it was completed, the other com- 
panies commenced file-firing. The second line followed the first, and the columns 
composing it, passing through the intervals left by the light companies, threw them- 
selves on the enemy. 11 is true that this was not done in presence of a real enemy, 
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but it seemed to me impossible that anything could have resisted the double effect of 
the fire of the line and the impulse of the columns.” 

The columns considered by Jomini most eligible for the purposes of attack are 
columns of grand divisions formed on the two centre companies of battalions, con- 
sisting of eight companies, each of three ranks ; this gives a depth of twelve ranks to 
the column : ten ranks will be the depth of a column similarly formed by a battalion 
of ten companies, each consisting of a double rank. 

, APPENDIX- B. , ' 

On tlie Distribution of Troops formed on a double Alignment. 

1. Cavalry . — -All tacticians agree in thinking that when cavalry is formed on 
several alignments, the General Officer who commands any portion of the front line 
must also command the corresponding portions of the lines in its rear. 

Jomini says, In deploying a division of two brigades it would be wrong to place 
one brigade in the front line and the other in its rear ; the proper arrangement would 
be to place one regiment of each brigade in the front line, and the other regiment in 
the second : thus each unit of the line would have its own reserve immediately in its 
rear, an advantage which is by no means to be undervalued, for in cavalry charges 
events succeed one another so rapidly that it is impossible for a General Officer to be 
master of two regiments deployed.” 

2. Inf antry,'--~lt is a disputed point whether it is better to deploy a division qf 
infantry on a single alignment, or to deploy one-half on the first line and one-half 
immediately in its rear on the second. The advantages of deploying each division on 
a single alignment are — 

(1.) Changes may be made in the disposition of one of the lines, and portions of it 
may be removed from one flank to the other without reference to the disposition of 
the other line, and without destroying the unity of a division by separating its halves. 

(2.) In effecting the deployment of a column composed of several divisions, the first 
line will be formed more quickly if all the battalions composing the divisions at the 
head of the column deploy on the same alignment, than if the first and second lines 
be formed simultaneously by the divisions successively deploying one-half on the first 
and one-half on the second alignment. 

The advantages of deploying a division on a double alignment, and placing one-half 
in rear of the other, are-— 

(1.) The troops in front and those in rear being commanded by the same individual, 
those in front will be more promptly and effectively supported than if the Officer 
commanding the first line had no command over the troops in his rear. This 
advantage is considered by Marmont as conclusive. 

(2.) The whole of the divisional artillery may be placed in battery in the front line 
without any part of it being separated from the division to which it is attached. 

Giustiniani, who discusses this question very fully, thus sums up the argument : 

Both methods may be good, and on any particular occasion the circumstances of the 
case must determine which is to be preferred. For example, in an open level country 
where a contiguous line of battle must be formed, the whole of a division should be 
deployed on a single line ; in a hilly, woody, broken country, on the contrary, where 
the line of battle must be formed of detached parts, it may frequently be preferable 
to form a division in a double line, for it must be admitted that it is impossible to 
exercise an effective superintendence over a great extent of front broken by the 
accidents of ground, such as ravines, ditches, woods, &c.” 

A. Robertson. 


Bombay, September, 1848. 
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TAMBOUE.^— A as its name imports, especially relates to the protec- 

tion of gateways or other means of access to works; and although this description of 
defensive work is more generally considered in the character of a temporary expe- 
dient (and is included by French writers as a ‘r^duit en charpente^) than as forming 
a part of permanent construction, it is so applicable in retrencliing the places of arms 
of a covert-way, for covering the pas de souris, and descent into the ditch of a fortress, 
and in detached lunettes, as well as in covering the entrance of small forts, when a 
tenaille or ravelin could not he adopted, that there appears no reason why on such 
occasions the line of cover should not be a brick wall instead of a stockade. 

The tambour figure has sometimes been a segment affording a converging fire; but 
it is much better to give it an angular form, cutting off portions of the angles about 
six feet on each side, if it be desired to obtain direct fire on their capitals. The best 
figure for a tambour is that of two faces and flanks, returned also to the gorge if 
necessary. Generally, the faces should be at least 30 feet long, and the flanks 20 to 
25 feet. 

The exterior should, if possible, he flanked from some part of the principal or a 
collateral wmrk ; and with a pointed ditch in front ; or surrounded by a row of short 
palisades, to check an enemy under the fire from the tambour. 

Tambours en charpente are constructed of squared or sided timbers placed close to 
each other, planted vertically about 3 or 4 feet in the ground, and rising about 
8 feet above it. The scantling should be 7 inches thick, if of oak or hardwood, 
and about 10 inches thick, if of fir. The stockade thus formed is pierced by two rows 
or tiers of crenels, or common narrow-mouthed loopholes, the height of which will 
depend upon the desired line of fire ; but, as a tambour is of low reliefer profile, not 
intended for command, the lower row of loopholes maybe about 3 feet, and the upper 
tier 4 feet 4 inches above ground, with intervals of 3| or 4 feet, — the upper crenel 
being over the centre of the lower interval. 

It is desirable that the interior line of tambour should be covered by a blindage 
sufficiently strong to resist the effect of grenades, thus forming a gallery about 6 feet 
wide, the roof being supported on a row of inner columns. This or some less sub- 
stantial shed-roof is especially desirable for all stockades or advanced musketry 
retrenchments in countries subject to heavy falls of snow, so that the banquette may 
be always in a state to be manned by infantry. 

Although tambours are usually made of timber, it may be advantageous in some 
cases to adopt more permanent construction for this description of small defensive 
post; and then a crenelled wall of brickwork, with a groined corridor, having a 
ridge or batterdeau-like top, will be preferable to temporary construction. 

A permanent tambour, to serve also as a guard-house to a re-entering place of arms, 
is to be constructed in the covert-way of Quebec citadel, on the suggestion of the 
Inspector-General of Fortifications in 1842 ; and tambours of temporary construction 
were recommended by the Duke of Wellington, in front of the gateways of barracks 
in Ireland, in 1843.— E. P. 


TELEGRAPH, ELECTRIC. — See * Voltaic Electricity.^ 
TELEGRAPH, FIELD. f The telegraphs were composed of a mast and 

* By Major-General Fanshawe, R.E. 

t From ‘ Memoranda relative to the Lines thrown up to cover Lisbon in 1810.* By Major- 
General Sir John Jones, Bart., K. C. B, & il. E. 
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yard, from which latter balls* were suspended : the vocabulary used was that of the 
Navy, many sentences and short expressions peculiar to the Land Service being 
added. These telegraphs readily communicated with each other at the distance of 
seven or eight miles ; hut in consequence of the ranges of hills interrupting the view, 
it required five principal stations to communicate along the front line.”— (*See 
article * Fortification, Field, ^ vol. ii. p. 23.) 

The telegraphs were worked by a party of seamen. 


Fig. 1, Fig. 2. 



TELEGRAPH, UNIVERSAL-t 

General Description of the Universal Telegraph. 

For the day signals, the telegraph consists of an upright post of moderate height, 
of two moveable arms fixed on the same pivot near the top of it, and of a mark, 
called the indicator, on one side of it. (See Plate 1. fig. 1.) 

Each arm can exhibit the seven positions 1, 2, 3, 4, 5, 6, and 7, exclusive of its 
quiescent position, called * the stop,^ in which it points vertically downwards, and is 
obscured by the post. Fig. 1 also represents the telegraph exhibiting the sign 17, 
the other positions of which the arms are capable being dotted. The indicator merely 
serves to distinguish the low numbers, 1, 2, and 3, from the high numbers, 7, 6, and 5, 
so that this telegraph is not, like most others that have been proposed, liable to 
ambiguity or error when viewed from ditferent points in contrary directions.^ 

The use of the indicator will appear more evident, on considering the resemblance 
between the small Roman letters b and d, or p and q, which, if viewed in contrary 
directions, like telegraphic signs, could never be distinguished one from the other, 
without some additional mark. 

Fig. 2, Plate I., represents the telegraph fitted up for making nocturnal signals. 
One lantern, called the central light, is fixed to the same pivot upon which the 
arms move. Two other lanterns are attached to the extremities of the arms. A 
fourth lantern, used as an indicator, is fixed on the same horizontal level with the 

Balls constructed of wicker or hasket-work are frequently used, and at a little distance appear 
solid ; hence they may be made by Sappers, in the manner of gabions or hurdles. See figs. 1 and 2.~ 
Editors. 

t By Lieut- General Sir Charles Pasley, K. C. B., F. R, S., and R. E. 

X 'Phe idea of the indicator, which was not a part of my original plan, but without which I am 
now of opinion that no telegraph is perfect, suggested itself in consequence of a remark made by my 
friend Captain John Tailour, of the Royal Navy, who informed me that he had experienced the 
greatest inconvenience in, using Sir Home Popham’s ship semaphores, from the signal-men con- 
founding the positions of the arms when seen in reverse.— C. P. 
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central liglxt, at a distance from it equal to twice the length of one arm, and in the 
same plane nearly in which the arms revolve. Hence the whole apparatus consists 
of two fixed and of two moveable lights, four in all. 

The number of telegraphic signs, combinations, or changes which this telegraph 
is capable of exhibiting are only twenty-eight, but these are amply sufficient for every 
purpose of telegrapMc communication, whether by the alphabetical method, or in 
reference to a Telegraphic Dictionary of words and sentences. These signs are 
represented in Plate n* in a double column, shewing the appearance of the same 
combinations, both by day and night. 

In some few of the nocturnal signs, it vnll be observed that one of the lights is 
marked black. This only happens when one of the moveable lanterns is supposed to 
be in its quiescent position, hanging vertically down below the centre light. In this 
case, as the lantern may he exhibited on either side of the post, it may sometimes be 
seen and sometimes not by the distant observer.* At first I proposed to interpose a 
couple of screens, one on each side of the post, to hide the lanterns altogether, when 
in this position. Afterwards that idea was abandoned, it having been found in 
practice that it made no difference, in regard to the clearness of the signs alluded to, 
whether the moveable lanterns were seen or obscured when in the position denoted by 
the black circles. 

The indicator, both by day and night, being merely a mark and nothing more, 
which, when once seen, requires no further attention to be paid to it,— -and the central 
light by night and the post by day being also merely guides to the eye,— the signs of 
this telegraph are, in reality, composed of the combinations of two moveable bodies 
only by day and of two moveable lights only by night, being the smallest number of 
parts with which an efficient telegraph can possibly be formed: and in this diminu- 
tion of the number of combinable parts, as well as in the unity of plan, consists the 
superior simplicity of this telegraph, as compared with other efficient telegraphs that 
have been proposed. 

The Mechanical Construction of the Universal Telegraph, (Plate I. figs. 3 and 4.) 

The arms and the indicator for the day signals are made of wood, framed and 
panelled, for the sake of lightness.f The indicator plays in a mortise cut in the 
upper part of the post, and is let down into its horizontal and raised into its vertical 
position by means of a small rope and a small pulley. The arms must be fixed 
externally, one on each side of the post, and must be exactly counterpoised by means 
of light frames of open ironwork, which become invisible by day at a little distance, 
and which, even when viewed closely, do not impair the clearness of the telegraphic 


* A great difficulty is Htherto said to have attended the night signals in the Eoyal Navy, in con- 
sequence of the embarrassing circumstances of one or more of the lights exhibited being liable to be 
extinguished by eddy winds thrown off from the leaches of the sails in stormy weather. 

Admitting that this difficulty should prove insuperable, upon which point I shall not presume to 
decide, a question arises as to the best and simplest mode of guarding against mistakes arising from 
this cause, which in general signals, relating to manccuvrea, might lead to unpleasant, if not to per- 
nicious consequences. An effectual remedy for this evil (in fact I see no other) is to make a rule 
of never exhibiting any sign with fewer than four lights. This being understood, the signal-men 
who receive a message should at any time observe fewer lights than four, th«y will know that an 
accident has occurred in consequence of the wind, and they will therefore take no notice of the 
apparent sign displayed until the complete number of four lights again appears. 

This arrangement can be adopted in regard to the nocturnal telegraph by exhibiting the quiescent 
light always in front of the post when two ships only are telegraphing to each other, but a little 
to one side of it in telegraphing both to the front and rear ; also by disusing the sign called * the 
stop,’ in which two or three lights only appear, and exhibiting one of the preparatives always in 
lieu ofife. " . 

T In a very hot climate plates of light copper may be used for the panels. 

VOL. III. 2 T 
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signs. TMs precaution is absolutely necessary, otherwise tlie amis ijpiirnot remain 
in any given position without being held by the hand or stopped by some mechanical 
contrivance, which would be a very gi'eat inconvenience in the practice of signal-^ 
making. . ; 

Motion may be communicated to the telegraphic arms by means of an endless chain 
passing round and acting upon a couple of pulleys, one of which is fixed to the arm 
itself, and turns upon the same pivot, whilst the other moves upon a pivot fixed to 
the lower part of the post. The chain consists alternately of single and double plates 
of an oblong form, and riveted together at the ends on the principle of a watch-chain. 
The two pnlleys at top and bottom being finished with great care, perfectly equal, 
and having projecting teeth or studs fixed in a groove in each to engage the double 
or open parts of the chain, the telegraphic arm above will always follow to a hair's 
breadth the movements of an index or lever below, attached to the lower pulley, 
which has a dial-plate opposite to it, marked on the post, for the guidance of the 
operative signal-man,* 

In the field, or on hoard ship, a leathern strap or a rope may he substituted in lieu 
of the chain, for the sake of economy; hut as these expedients are incapable of the 
same accuracy as the former, the signal-men, in working by them, must not trust to 
the indices, hut must regulate the positions of the arms chiefly by the eye. The 
surface of the pulleys, when intended for a strap, must he moderately convex, those 
for the rope moderately concave, and both should be broader than when a chain is to 
be used. The leathern strap requires an extra pulley of a smaller size for pressing in 
one side and tightening it when the telegraph is to be used. This pulley is fixed to 
a small lever attached to the middle of the post, and is thrown into action by a 
string. 

When a rope is used, three turns of it are taken round each pulley, hauling it taught 
at the same time, after which the two ends, being previously prepared with thimbles, 
or eye-splices, are brought towards each other and made fast by a lanniard, or smaller 
rope, passing through the eyes.f 

When the strap or rope are used, the lower pulley, instead of having one short 
lever only, serving as an index, may have four such levers, so as to resemble a small 
windlass. 

At the end of each arm two light pieces of iron meet in an angle of 45 degrees, 
forming an open triangle, to the vertex of which the moveable lantern (L) is attached 
by means of a pin. A cylindrical weight (W) must be fixed at the same time to the 
end of the iron counterpoise to restore the proper equilibrium of the arms, which is 
of course deranged by the addition of the lantern (see figs. 3 and 4)4 As the lanterns 

* The chain is first passed loosely round both pulleys, after which the pivot of the lower pulley is 
acted upon by a couple of screws to force it down a small vertical groove in the post, by which means 
the chmn is tightened and rendered fit for use. I had a telegraph constructed in this manner at 
Chatham in 1817, by Mr. Robert Howe, Clerk of Works in the Royal Engineer Department, of 
which a model was sent to the Secretary of the Admiralty in 1818. 

The above method of moving telegraphic arms by means of the lever and chain is much more 
expeditious, and also simpler in point of workmanship, than the winch and wheel-work and endless 
screw rods originally adopted for the same purpose in the Admiralty semaphores. In fact, in 
moving the arm from one position to another the chain will work at least four times quicker than 
the winch. 

•j* This contrivance was used for working the Admiralty ship semaphores. Its great simplicity 
recommends it for the sea service, although in other respects not the most convenient method. 

X By this arrangement of the ironwork which supports the lanterns they always hang clear of it 
in the regular positions, and the iron counterpoises are made so much shorter than the wooden arms 
that the former cannot obscure the lanterns as they revolve. The open space in which the lanterns 
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and, weigMs, and, in short, every addition necessary for esihibiting the nocturnal 
signals, are fixed at dusk and removed by daylight, it becomes necessary, at permanent 
stations, that the roof of the signal-house over which the telegraph stands should 
be formed with a small flat terrace, accessible by means of a ladder or staircase. 

In the intermediate stations of a permanent telegraphic line on shore two lanterns 
are required to do the duty of the centre light, one on each side of the telegraphic 
post, because one lantern can, of course, be seen in one direction only, owing to the 
intervention of the post. These two, as well as the two moveable lanterns, are fixed 
externally at a sufficient distance from the plane of the arms to prevent them from 
striking, as in fig, 4, in which C C are the central lanterns, L L the moveable lanterns, 
and W W the weights added to counterpoise them. 

The indicator light (I) may either he fixed to a separate post, as represented in 
fig. 2, or it may be attached to a rod (r), strengthened by a brace (i?), and guy-ropes 
{gg), as in fig* 3, which is an elevation of the Universal Telegraph, fitted up for 
night signals, on a scale larger than that of the former explanatory figures. The 
apparatus now alluded to, having only one lantern to support, may be made extremely 
light. The end of the rod drops into a small open mortise at the head of the post, 
and has a semicircular groove on its lower surface, which is engaged by a horizontal 
bolt driven through the sides of the post. A small rope fixed to the end of the rod, 
but omitted in fig. 3 for the sake of clearness, is made fast to a cleat upon the post 
below, to prevent tbe rod from moving. The foot of the brace is secured to the post 
by a plate and stud. 

This apparatus, which entirely depends upon the telegraphic post, and turns with 
it, may he fixed or disengaged in a moment, and is peculiarly adapted for ships and 
for field service, in which the length of the telegraphic arm does not exceed from 5 to 
6 feet. But at permanent stations on shore, where larger telegraphs would probably 
be used, the apparatus for supporting the indicator lamp should he a permanent 
fixture, to save the trouble of continually shipping and unshipping it. At such 
stations, if the signals were required to he made in various lines or directions, the 
pole for supporting the indicator lamp should be fixed to the post at bottom, so as to 
stand out from it obliquely, like a ship's bowsprit, with lifts or ropes to support it, 
leading to the top of the post, and a couple of guys to secure it from lateral motion. 
Hence one oblique spar only would be used, instead of the two pieces (namely, the 
rod and brace) before described. But as there may be many stations in a telegraphic 
establishment on shore in which the signals require to be exhibited in one invariable 
line only, at all such stations the indicator lantern should be fixed to its own separate 
post, which may either he placed vertically (as in fig. 2), or obliquely, as may be 
considered most expedient.* 

Lamps for burning oil were subsequently brought to such perfection that a light 
of sufficient intensity for any distance suitable for telegraphiepurposesmight easily he 
obtained. In regard to form, when night telegraphs are adopted on shore, square 
lamps, having the two glass sides opposite to each other, so as to show light in two 
directions only, are the most proper. But for sea service the pattern called the 
* globe lamp,' which was generally adopted in the Royal Navy in lieu of the former 

kang wken in munber 4 position should be about 18 incbes bigb, if Iwge ones are used. But as it 
may not always be convenient to increase tbe length of the ana so much, let the ironwork project 
only 1 foot beyond tbe end of tbe wooden arm, and let the latter have a binge by which about 
6 incbes of it may double up in order to increase tbe depth of the open part for tbe night signals. 
See %. 3, in which these binges are represented. 

* The oblique position is of course only recommended when the roof of the signal-house is too 
small to admit of the indicator lamp-post being fixed vertically, which may sometimes happen. 
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signal-lanterns, appears to be decidedly the best. In this, the light is exhibited ifi 
every direction through a very strong globular glass, to which are fitted a copper top 
and bottom, pierced with air-holes,* 

In respect to the dimensions proper for the parts of the Universal Telegraph, we 
ascertained by experiment that the arms for the day signals should be about 1 foot in 
length per mile, in order to be distinguished by a common portable telescope of 
moderate power. This length is computed from the centre of motion to the end of 
the arm, not including the small part beyond the centre, called the head. By the 
above rule, a telegraphic arm of 6 feet in length may suffice for stations 6 miles 
apart ; but generally speaking, in telegraphs intended for permanent stations, where 
the saving of weight is less an object, it may be considered best to add a little to the 
dimensions thus found. 

The width of the arm need not exceed ^ths of its length, and should not be less 
than -fth or -^th of the same dimension-t The indicator for the day signals should be 
of the same vridtb, but only fths of the arm in length. 

The height of the post should he such, that men, or other moveable objects, pass- 
ing near it, shall not obscure the indicator, or arms, when the telegraph is erected on 
the deck of a ship, or in the field. But when placed on the roof of a permanent sig- 
nal-house, the projecting part of the post need not exceed the telegraphic arm by 
more than §rds of the length of the latter. 

It is desirable in all cases that the telegraphic post should be capable of turning, so 
as to exhibit the arms in various directions.^ On hoard ship it must also be occa- 
sionally lowered. Hence it becomes necessary to step it upon a simple open circular 
joint of iron, fixed to the ship's side near the deck, and to secure it by an iron clamp, 
also of a circular form, attached to the rail, nearly in the same manner as the ensign 
staff of a man-of-war is usually fitted. 

The telegraphs hitherto constructed upon this principle are of two sizes; one 
having arms of 5| feet in length, § with the lantern pivots placed 6-^ feet from the 
centre of motion ; the other having arms of 2^- feet in length only, with the lantern 
pivots 3 feet 2 inches from the centre of motion. The former are of a size suited to 
the largest class of men-of-war. The latter are perfectly portable, as the whole appa- 
ratus, including the night indicator, lanterns, &c. does not weigh more than 34 tbs. In 
clear weather, these small telegraphs make signals distinctly at the distance of three 
miles. . ■ . . . . 

Supposing that telegraphic signals should he required on a sudden emergency, in 
some situation where there may not be time and means for making well-finished tele- 
graphs, in the manner that has been described, I have ascertained by experiment, 


♦ I am informed that Lord Cochrane originally proposed the globe lamp, but the pattern to which 
I allude is considered an improvement. I have not been able to ascertain the name of the patentee 
or maker. The large lamps of this description sold in Chatham, and the stage-coach lamps formerly 
used by the principal proprietors on the Dover road, were both seen distinctly at the distance 
of 6 miles in clear weather. 

t Having fixed the length of the telegraphic arm, there is in the signs exhibited thereby, as in the 
capital letters of the Roman alphabet, a certain proportional width not only pleasing to the. eye, but 
which cannot be diminished beyond a certain limit without causing the characters to become 
indistinct. On board ship, where the telegraph may often be seen obliquely, a broad arm is more 
essential than at the fixed telegraph stations on shore, where this inconvenience seldom occurs. 

$ Because even at permanent stations, not required to make signals in more than one alignment, 
the power of turning enables the signal-men to adjust the arms and the chains, or other contrivance 
for moving them when necessary, without needlessly attracting the notice of the corresponding 
stations. 

^ Which corresponds with the size of the Admiralty ship semaphores. 
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that the most expeditious and satisfactoi 7 arrangement will always be to copy the 
regular construction, as closely as circumstances will permit. A post, with two 
planks for the arms, each worked merely by a couple of strings without pulleys, will 
constitute a day telegraph, and the addition of lanterns, &c. will convert the same 
simple apparatus into a nocturnal telegraph. In both cases the arms must be coun- 
terpoised by wood or iron, and also by weights, but in a ruder manner than was 
before described. To adopt balls or dags for day signals, or an immoveable rect- 
angular frame, with ropes and pulleys, for supporting the lanterns, for night signals, 
which are the only other expedients that suggest themselves as a temporary arrange- 
ment, will, on trial, he found much less satisfactory than the rudest attempt at the 
counterpoised telegraphic arm. 

It is well known that telegraphs should generally be painted black, and that for 
permanent stations they should always be erected, if possible, upon heights having no 
background.* 

Of Telegraphic Dictionary y suited to the Universal Telegraph. 

Several Telegraphic Dictionaries have been composed by different authors, but of 
all that I have seen, the one used in the Royal Navy, which was compiled by the 
late Rear-Admiral Sir Home Popham,t appears, upon the whole, to be the most judi- 
cious. The number of words and sentences contained in it does not exceed 13,000; 
and yet I have seldom observed a deficiency of any useful word. Another author has 
composed a Dictionary of a similar nature, containing upwards of 31,000 words and 
phrases : and a third has composed a work containing more than 140,000 words, 
phrases, and sentences. It may he observed in regard to this subject, that the exten- 
sion of a Telegraphic Dictionary beyond a certain limit is an evil, because, in propor- 
tion to the number and length of the sentences contained in it, it becomes so much 
the more difficult to find any of them without a vast loss of time. 

Hence the advantages held out by the author of any very voluminous Telegraphic 
Dictionary must always be in a great measure nugatory, unless the place of every 
phrase or sentence contained in it could be known by intuition, which is im- 
possible. 

It is to be observed, however, that the comparative compendiousness of Sir Home 
Popham’s Telegraphic Dictionary is partly owing to a practice which he has carried 
to the greatest possible extent, but of which the other authors alluded to have 
availed themselves more sparingly, or not at all. I mean the system, of classing under 
the same article of his Dictionary, and thereby representing by one common signal, all 
the forms of the same verb, as well as every noun, adjective, or adverb that happen 
nearly to coincide in sound, or are connected in signification* Thus the words 
* agree,* * agrees,* ^ agreed,* ^ agreeing,* ‘ agreeable,* * agreeably,* * agreement,* ^ agree- 
ments,* would all be denoted by one and the same signal, and comprehended under 
one article in Sir Home Pophara's Telegraphic Dictionary. 

It is remarkable how very few ambiguities this sweeping method of classing the 
words of our language will be found to occasion in practice, as may be ascertained by 
taking any sentences at random out of a book, and applying Sir Home Popham's 
telegraphic phraseology to them : and yet it cannot be denied but that serious mis- 
takes may arise at times from this system. 

* Sometimes that inconvenience is unavoidable. Then their colour should form a contrast with 
that of the background. In certain situations the latter may vary at different periods of the day. 
In that case it has been found useful to paint the arms white and black ia large checkers, each 
oc'C ij yiag half the width and half the length of the arm. 

t Aud revised by a Committee of experienced Naval Officers. 
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For example, the phrases — ‘they are robbing/ ‘they are robber!/ and ‘they are 
robbers/ although different in sense, would all be expressed by the same signal in 
Sir Home Popham's Dictionary. The phrases ‘ a robber has been executed/ and ‘ a 
robbery has been executed,^ would also be expressed by the same signal ; and the 
phrases ‘ they are going, ^ and ‘ they are gone,^ would likewise be confounded. 

It is further to be remarked that Sir Home Popham’s Telegraphic Dictionary being 
necessarily confined to the use of the Royal Navy, is not available for general service : 
and even if this restriction did not exist, it is evident that if telegraphs were intro- 
duced into British India or into any other of our foreign possessions, a number of 
military phrases and sentences, and a great number of local words and phrases, would 
require to be introduced, which are not to be found in Sir Home Popham's book ; 
and at the same time it might be desirable to obviate the degree of ambiguity before 
mentioned in that work. This would require every verb to be expressed in two forms 
instead of one, and some of the nouns, adjectives, and adverbs now classed under the 
same head with a verb, or with each other, to be expressed separately. For example, 
the word roh and others connected with it, which are at present all denoted by the 
same signal, might be divided into three distinct signals in the following manner : 

1st. Rob^ TobSy robbing^ robbery, robberies, and to follow the same rule in regard 
to other verbs, including the present tense, the infinitive, and active participle, under 
the same head, and also any noun of the same sound, or even of kindred meaning, 
provided in the latter case that it be an action, passion, or any thing inanimate. 

2nd. Robbed, including always the past tense of the verb and the passive participle 
under one head, whether they be the same in sound or not, 

3rd. Robber, robbers, and to follow the same rule in regard to personal nouns, 
keeping them always distinct from the verbs. 

It appears also advisable that the adjective and adverb, when different in sound, 
although of kindred meaning, should likewise be separated from the verb. Hence it 
would be proper to separate the various words classed under the head agree, in Sir 
Home Popham’s Telegraphic Dictionary, as follows : 

] st, Agree, agrees, agreeing, agreement, agreements, 

2xidi, Agreed, 

3rd, Agreeable, agreeably. 

If a select Dictionary on Sir Home Popham^s principle were thus dilated, it would 
in all probability increase the contents of the work from 13,000 to about 25,000 words 
and sentences ; and if the military and local phrases before alluded to w^ere likewise 
added, it probably might swell the amount to near 30,000. Upon the whole, I con- 
clude that a judicious Telegraphic Dictionary, composed on the most comprehensive 
plan, so as to embrace every contingency of the public service both at home and 
abroad, ought not to contain so many as 40,000 articles. This inference may be con- 
sidered the result of experience, inasmuch as it has been drawn from a careful com- 
parison of the most Elaborate works of that nature that I have been able to 
procure. 

Sxipposing a Dictionary of this description to he composed, I would adapt it to the 
key of the Universal Telegraph in the following manner: 

The Dictionary should he divided into five parts or classes, each containing one- 
fifth part of the total number of articles inserted. Thus for example, if 30,000 
articles and 1000 blanks for unforeseen purposes appeared necessary, let each 
division of the hook contain 6000 articles and 200 blanks. 

Of the 28 signs which the universal telegraph is capable of exhibiting, I would 
reject one, namely, position 4 of the day signals, in which one arm points vertically 
upwards in the direction of the post prolonged ; because it has been urged, that unless 


TETE DE PONT* 


643 


I 


f 


I 

I 


[ 


i 

0 % 


i 


when viewed by a very experienced eye, it is liable to be confounded with the post, 
so as to be mistaken for the position called ‘ the stop/ in which neither of the arms 
is,, shewn.**® 

Of the remaining 27 signs, one should be used as an alpMhetical preparative, one 
as a numeral preparative, md- Jive as dictionary pr^aratives,QZ.Qk of the latter refer- 
ring to its own distinct part or class of the Dictionary. 

Thus there would be 7 preparatives, and 20 signs for general purposes. Each pre- 
parative would of course denote, not only the beginning of that word or sentence 
which is immediately to follow it, but also the end of the preceding one. 

In representing the letters of the alphabet by 20 signs, the letters I and J, the 
letters K and Q, the letters S and Z, and the letters U and V, would be coupled 
together; but the letter F would require to be denoted by the two successive letters 
P H, and the letter X by the two successive letters C S or K S. 

The number of signals which maybe made by three successive changes on the tele- 
graph, using the 20 disposable signs only, is equal to 8000, being the third power of 
20 ; but as the beginning of each signal must be denoted by a preparative, without 
which the signal is imperfect, if the above 8000 articles he combined with the five 
Dictionary preparatives before mentioned, it will be evident that by never using more 
than four changes on the telegraph for any article of the Dictionary, no less than 
40,000 vrords and sentences may thereby be exhibited ; but, as remarked before, this 
number is greater than appears to be absolutely necessary in a judicious and well- 
composed Telegraphic Dictionary.—-C. P. 

TETE BE PONT.— “Bousmard says tdte de pont ought to unite the proper- 
ties of a perfect defence of the river on both sides, to cover the bridge well, with 
space sufficient to contain the garrison, and furnish a free passage of a considerable 
body of troops, affording also facilities for their advance or retreat ; of which fig. 1 is 
a good example. 

Pig.i. 



The tdte de pont should also be of itself sufficiently strong to resist an assault. 

The construction will very much depend upon the nature of the ground and the 
object in placing the bridge, whether for a permanency or for temporary pnrposes : if 


* This sign is used to mark the end of a word when several successive signals are all made 
alphabetically. In the stop the indicator appears nearly equal in length to the upper part of the 

post. In No. 4 position it is not quite half so long as the same part of the post appears to be when 
prolonged by the addition of the arm. Hence the experienced or carefii observer will scarcely 
mistake between these two. No. 4 of the night signals is one of the most conspicuous signs. 




TETB DE PONT, 


the former, some care must be taken in the construction, and if the gi'omid is very 
low, the ditches may be wet, as explained in fig. 2. 


Works to cover bridges of stone or wood, of a permanent nature, may be made of 
some existing buildings, loopholed and barricaded on both sides of the river, and 
artillery planted on the near side of the river to flank and protect the advanced 
■works ; the object being to prevent any small bodies of the enemy destroying the 
bridge, and thus interrupting the communication. Fig. 3 is another example of a 
permanent bridge-head with wet ditches on a more extended scale. 


Fig. 4 represents the plan of a Ute de pont combining the more permanent with 
the temporary, for the passage of a large army, having three bridges to cover, of 

Pig. 4. , , , 


which two would be temporarily laid for the purpose, formed from the Bridge Equip. 
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ttient of tlie Army, and wMch would be removed when the troops had passed, wdiilst 
the centre one would be so far permanent as might be necessary to secure the com- 
munication and supplies, and formed of materials obtained on the spot ; and the 
inner bridge-head constructed with more care than the outer works. Emplacement 
for Field Artillery would be prepared on the near side of the river to flank the works 
ot iliQ tete de pont. 

For the construction of works of this nature, see the article on * Fortification, Field,' 
as the rules explained therein apply equally to the 
The following should be attended to in the selection of sites as well as in forming 
theworkS':' ■ ■ ■ 

The bridge-head should admit of a defence until all the troops have passed. It 
should cover the bridge from the enemy’s artillery. If there are islands in the river, 
they may be fortified with advantage.- — G. G. L. 


TROUS BE LOUP.— The application of irons de hups has been already 
explained in the article ‘Fortification, Field,' in an extract from ‘Memoranda on the 
Lines before Lisbon, in 1810,' by the late Major-General Sir John Jones, Bart. : their 
construction is represented in the annexed figure. — (See vol. ii. p. 21.) 


646 


VOLTAIC BliECTRlCITY. 



It was not for many years after the first form of electric telegraph was devised 
that sending telegraphic intelligence, by means of electricity, to any considerable 
distance, conld be regarded as either physically or commercially practicable. 

Even at this day the electric telegraph may be considered as only in its infancy. 
Every year improvements are being made, and fresh discoveries come to light. 

That considerable proficiency, however, in the art of telegraphing by electricity has 
already been attained, no one can for a moment deny ; still much remains to be done, 
both scientifically as well as commercially. The construction of the electric telegraph 
is still to a great extent imperfect, and the charges for its use are at present too high. 
It is, therefore, no wonder that it has not as yet come into that general and very 
extended use to which it seems so admirably adapted. 

Much use, however, is even now made of the telegraph. The man of extensive 
business only wonders how he could possibly have done without it so long. Still the 
multitude does not as yet employ it as one of its usual and ordinary means of com- 
munication. On extraordinary occasions the telegraph is much resorted to, it is 
true ; hut on ordinary occasions, seldom or never. 

To give in ea^ienso the various discoveries that have been made in this branch of 
science, and to enumerate the many inventions that have followed, would far surpass 
the limits allowed on the present occasion. 

The three great fundamental principles on which all telegraphs at present in use 
depend are as follows : 

The first is the discovery by (Ersted, viz. 

1. That a magnetic needle, when in proximity to a body through which a current 
of electricity is passing, has a tendency to place itself at right angles to such body, or, 
more strictly speaking, to rotate round that body. 

The next is the discovery of the late Mr. Sturgeon, viz. 

2. That if currents of electricity pass around a bar of soft iron, the iron becomes 
temporarily magnetic; and when in that magnetic condition it powerfully attracts to 
it any pieces of soft iron which may he placed in its vicinity. 

The third is based upon the joint discovery of Sir Anthony Carlisle, Mr. Nicholson, 
and Sir Humphry Bavy, viz. 

3. That when a current of electricity passes through certain chemical substances, 
those substances are thereby decomposed, or new compounds are formed. 

On these three great fundamental principles all the telegraphs at present in use 
depend. 

The electric telegraph may he fairly divided into three distinct and separate parts, 
viz. ' . ■ ■ 

1. The means resorted to for producing electricity. 

2. The means adopted for rendering electricity cognizable to the senses. 

3. The means tisually employed for transmitting to a distant place the electricity 
required. 

Electricity may he produced in a variety of ways : 

1, By friction. 

2. By chemical action. 

3. By magnetic induction. 

4, By change of temperature. 

Electricity from Friction. 

The discovery of frictional electricity is of very ancient date. 

Thales of Miletus, who lived about 600 years before the Christian era, is reported 
by subsequent writers to have described the power developed in amber by friction, by 
which the amber was enabled to attract to it bits of straw and other light substances. 
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Theophrastus (321 B. c.), in Ms writings, describes tMs property. 

! Pliny (Anno Domini 70) refers also to the same. He speaks of pieces of amber that 

I “ attritu digitorum acceptd m caloris attrahmt in sepakas et folia arida uf magnes 

s lapis ferrum” 

Similar remarks may also he found in the writings of Priscian and SoHnus. 
Salmasius, in his commentary upon Solxnus, asserts that the word harale^ by which 
amber was known among the Arabs, is said by Avicenna to be of Persian origin, and 
J to signify the power of attracting straws. 

It does not appear that any of the ancients reasoned upon those observed eifects. 
They merely observed, and recorded them as facts. 

'4 Dr. Gilbert, however, at the commencement of the sixteenth century, instituted a 

series of experiments upon the subject. He found that the property possessed by 
amber was not confined to that substance alone, but belonged to many other bodies, 
such, for instance, as the diamond and many other precious stones, glass, sulphur, 
sealing-wax, resin, &c. 

Boyle found that warming these bodies increased the effect. 

To Otto Guericke, of Magdeburg, who was also the inventor of the air-pump, 

I is due the invention of what is commonly called the Electrical Machine. This 

philosopher mounted a globe of sulphur upon an axis, and, on turning the globe round, 
applied friction to it. By this means he detected that strong electrical excitation was 
1 accompanied both hy light and sound. He also discovered that after a body had been 

h electrically excited, and another light body brought in contact vrith it, that a repulsion 

I ensued. Many other of the now well-known phenomena of attraction and repulsion 

were demonstrated and recorded by tMs pMlosopher. 

In 1675, Sir Isaac Newton made several important discoveries relating to the above, 
,, and noted down the effects observed in his experiments on the subject. 

' Hawkesbee, between 1705 and 1711, made various other discoveries. He sub- 

stituted a globe of glass in lieu of the globe of sulphur of Otto Guericke, and fixing 
it in a wooden frame, he produced an electrical machine very similar to those now in 
general use. 

1 Grey and Wheeler experimented further, and succeeded in producing motion in 

light bodies at distances of 666 feet. 

M. Du Fay, between 1733 and 1737, conducted a series of important experiments, 
and greatly enlarged the number of phenomena observable in bodies when acted on 
1 by electricity in this state. 

The Abbe Nollet, on witnessing some experiments, discovered a simple principle 
that accounted for the apparently anomalous results obtained hy former experimenters, 
and explained satisfactorily the cause of a body being first attracted and then imme- 
diately repelled after contact. 

Amongst those who about this time laboured in the science may be mentioned 
with distinction the names of Desaguliers of France, Boze of Wittemburg, Winkler 
^ of Leipzic, Ludolf of Berlin, and Dr. Miles ; each of whom brought fresh facts to 

f light, or improved upon the apparatus then in use. 

Dr. Watson, in 1745 at seq.^ conducted several important experiments, which are 
duly recorded in the * Philosophical Transactions.^ 

Kleist and Muschenhroeck, at Leyden, simultaneously discovered a means of accu- 
mulating the electric power by the invention and employment of the Leyden jar, 
although the honour of this discovery is by some attributed to a person named Cuneus. 

Dr. Bevis recommended the coating of the outside of the jar with tinfoil, 
water having been previously used by Muschenhroeck and Kleist in the interior of 
the jar. 
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Br. Watson, however, applied the tinfoil both to the inside as well as the outside 
of tLe jar, and thus perfected the Leyden jar. In this state it now remains. 

The distance to which the electric power might be conveyed next occupied the 
attention of philosophers both in England and France. Experiments were made in 
the Tuilleries on the subject, and electricity transmitted through a circuit of con- 
siderable length. 

Dr. Watson, in 1747, in the presence of many scientific persons, transmitted the 
power through 2800 feet of wire and 8000 feet of water, thus employing in his 
experiments the use of the earth circuit. 

Afterwards, on the 14th of August, 1747, Dr. Watson conducted an experiment on 
a much larger scale at Shooters^ Hill. The wire was insulated by baked wmod, and 
w‘as 10,600 feet or nearly 2 miles long. 

But as we are now trespassing on that part of the subject wdiich consists of the 
means employed for conducting the electric power to a distant point, we must return 
to the production or generation of the electric power itself. 

From this period until the invention of the Hydro-Electric Machine little progress 
was made in the art of producing electricity by friction. 

In 1840, at Newcastle on Tyne, it was observed that a jet of steam issuing from 
the boiler of a steam engine emitted electricity in considerable quantities, and that on 
ai>plying a conductor to the jet, powerful sparks were obtained. 

Mr. Armstrong, of Newcastle, made many experiments on this newly discovered 
source of electricity, and ultimately constructed what is now called the Hydro-Electric 
Machine. 

Dr. Faraday, with Ms usual skill, found that the electricity developed by this machine 
was due to the friction of the watery particles in the steam on the sides of the 
surface. An enormous amount of power may be developed by means of this apparatus. 
Not only have gunpowder and shavings of wood been set on fire by the spark direct 
from the machine, but in some experiments it has also been found, that when a 
current was sent through a Galvanometer the needle was deflected between twenty 
I and thirty degrees, and iron converted into an electro-magnet. 

This brings the inquiry down to the present time, with reference to the production 
of electricity by friction. 

We will now proceed to describe the discoveries that have been made in the 
production of electricity from chemical action. 

Electricity from Chemical Action^ 

After the Leyden jar and the electric battery, composed of a number of such jars, 
had been experimented on in various ways, and by means of the power so accumu- 
lated metals had been fused, volatilized, reduced to dust, or dispersed in air, the lives 
of animals and vegetables taken away, and other striking etfects produced on matter, 
for a long period little or no further progress was made. 

At length Galvani, in 1791, stumbled as it were by chance upon what was then 
thought a new fact in the science. This nltimately led to most important con- 
sequences. Through it, means were obtained of producing enormous quantities of 
electricity, and that from the chemical action of bodies on each other. 

It appears that Du Verney had made the very same observation as Galvani 
had done about a century before, without the circumstance having attracted the 
attention of philosophers at the time. 

The reader will probably be too well acquainted with the story of G^^^^ 
frogs to need a repetition of the circumstance. 

Suffice it to say, that the accidental contraction of the muscles of a frog, when in 
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the proximity of an electrical machine, led to some of the most brilliant discoveries 
that have ever adorned the annals of science. 

Various hypotheses were framed to account for the peculiarities observed in the 
experiments with the muscles of animals. 

Valli wrote on the subject, and in 1793 Dr. Fowler published his essay on Anivnal 
EketricUy. The same subject was also investigated by Dr. Robison, 

Professor Volta, of Pavia, a village of the Milanese, confuted many of the theories 
adduced, and ultimately produced the arrangement known as the Voltaic Pile, the first 
rude form of what is now termed the Galvanic Battery. A letter of Volta on the sub* 
ject was published in the ‘Philosophical Transactions' for 1793. 

During the heat of the discussions between the partisans of the theories of Galvani 
and Volta, Fabroni repeated many of the experiments, and communicated his 
researches to the Florentine Academy. 

It is in this paper that the first suggestion as to the chemical of galvanic 
electricity is to be found. 

On the 20th of March, 1800, Volta addressed a letter to Sir Joseph Banks, then 
President of the Royal Society, in which he announced to him the discovery of the 
Voltaic Pile. 

After due investigation of this instrument, Volta endeavoured to improve the 
arrangement of its parts, in order to obtain a greater amount of power. The result 
was the invention of the apparatus known by the name of Z<z Courome de 'Easses. 
This arrangement consisted of a circle of cups, each cup being filled with warm 
water or with a solution of sea-salt, and having also a piece of sEver and a piece of 
zinc in the liquid. 

The pieces of the two different metals in the same cup were not in metallic 
contact, but the zinc of the one cup was metallically united to the silver of the 
adjacent one^ and so on throughout the series, the liquid alone intervening between 
the metals in the su?we cup. Thus it is evident that in this arrangement of the 
Couronne de Tasses we have a complete and perfect galvanic battery. We have the 
insulated cell, and the two metals in the cell separated by a liquid capable of acting 
chemically upon one of them. 

Many important improvements have, however, been made in the materials employed, 
though principle oi the battery remains now as it left the bands of Volta. 

Dr. Wells, in 1795, discovered that charcoal might be substituted for one of the 
metals in the cells. 

Mr. Gruickshank, of Woolwich, in 1800, arranged another form of battery, making 
the metals employed to form divisions of the trough. 

In Dr, Wollaston’s arrangement, in 1815, dilate sulphtiric acid was employed, and 
two pieces of copper were used to one piece of zinc, the copper being placed on each 
of the zinc plate. He arranged the whole in a trough composed of a number of 
cells, and attached the plates to a rod so that the whole of the plates might be lifted 
out of the liquid when the electric power was not required. By this arrangement 
less waste of the zinc and acid resulted, as the zinc was not being dissolved by the 
acid when the battery was out of action. It will be observed, however, that the 
above are but mere modified forms of Volta's Couronne de Tamm, 

Many experiments were made by Valli, Fowler, Robison, Dr. Wells, Humboldt, 
Fabroni, Nicholson, Carlisle, Gruickshank, Haldane, Henry, Davy, Wollaston, 
Trommsdorff, Van Marum, Pfaff, Aldini, llisinger, Berzelius, De Luc, De la Rive, 
Becquerel, and others ; and new facts were added yearly to the existing stock of 
knowledge. Several kinds of acids were used; charcoal was substituted for one or 
both of the metallic plates ; wires were made red-hot, and various substances difticult 
of decomposition easily decomposed by the electric action. 
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Other powerful forms of galvanic batteries were afterwards contrived, both by Pro- 
fessor Daniell and Professor Grove — forms and arrangements which admit of an 
uniform and continuous flow of the electric power for a considerable period of time. 

Danieirs constant battery, as it is called, consists in having two liquids in each cell, 
the liquids being separated by a porous diaphragm — the one liquid being dilute sul- 
phuric acid, and the other a saturated solution of sulphate of copper : in the latter, 
copper plates are immersed, and in the former, plates of zinc. 

Grove’s battery consists of two liquids and two metals — the liquids being nitric acid 
and dilute sulphuric acid, and the metals platinum and amalgamated zinc : the plates 
of platinum are immersed in the nitric acid,*and the zinc in the dilute sulphuric acid. 

An important discovery, in order to prevent the local action of the dduted sulphuric 
acid on zinc, was made by Mr. Sturgeon and Mr. Kemp. This consisted in rubbing 
mercury over the surface of the zinc. By this means the other form of galvanic 
batteries is made to last a much longer time, and the flow of electricity during 
the action of the battery becomes far more constant and regular. 

The relation which the galvanic battery bears to the Leyden jar or the common 
electrical machine may be thus stated : 

In the Leyden jar, a sudden, instantaneous, and violent effect is produced on any 
body through which the power passes. A torrent of force precipitates itself, as it 
were, instantly along the line of communication-— while, in the galvanic battery, the 
power flows in a gentle and continuous stream, producing a constant and uniform 
action for any definite period of time. 

From the Leyden jar, the whole force passes in an inconceivably short period of 
time, while from the galvanic battery the action may he continued as long as desired. 

Just as in mechanics, a sudden blow from a hammer diflfers from a continued pres- 
sure, so does the action of electricity from the Leyden jar differ from that produced 
from the galvanic cell. 

During the last few years improvements have been made in batteries, and espe- 
cially with regard to the peculiar requirements of the electric telegraph. 

Mr. Cooke uses sand mixed with the diluted acid, in order to prevent, to a certain 
degree, the mechanical transmission of the salts of the one metal on to the surface of 
the other. 

Messrs. Brett and Little employ a gradual renewal of the diluted sulphuric acid, 
and allow the exhausted liquid to run out from the bottom of the cells and fresh liquid 
to drop into the cells from a reservoir above. 

The author, however, employs, instead of diluted sulphuric acid as the exciting 
liquid, a solution of the sulphates of the earths, such as the sulphate of magnesia, or 
the sulphate of alumina. By this arrangement, not the slightest attention need be 
paid to the batteries required for working the telegraph, for many months together : 
a constant and equable flow of the power may be thus obtained whenever desired, and 
that for nearly half a year, although, in some instances, 200 messages a-day have 
to be transmitted. Another advantage is, that one liquid only need be used, and 
that of the cheapest kind* 

On the Production of Ekctricity from the Magnet, 

The honour of this discovery is due to the illustrious Faraday; 

Dr. Faraday having noticed that on bringing one wire through which a current of 
electricity was passing near to another wire, a current of electricity was induced in 
the second wire ; and that when the connection between the poles of a galvanic bat- 
tery was broken, a current passed for an instant through the circuit in a direction 
contrary to that in which the current w’as proceeding before. 

Further research into these curious phenomena ultimately led this philosopher to 
the production of ekctricity from magnetism. 
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Tlie first apparatus employed was a ring of soft iron, around one-half of wMch an 
insulated wire was wound connected with a battery, and around the other half of the 
ring another insulated wire was wound, hut not in metallic connection with the 
former one : on passing a current through the first wire the ring of iron became mag- 
netic, and at the same instant that the iron was assuming this magnetic state a 
current of electricity was found to he traversing the second wire, although it was not 
in contact with the first-named wire. This secondary current, however, ceased almost 
immediately, hut was again renewed in the opposite direction when the ring was 
losing its magnetic state, by disconnecting the battery from the first-named wire. 
This inverse or induced current lasted only until the iron re-assumed its normal con- 
dition. '■ 

Thus it was evident to Dr. Taraday, that if a piece of iron he surrounded with insu- 
iated coils of wire, a current of electricity might be induced in such wire by merely 
magnetizing and de-magnetizing the iron. 

An apparatus was therefore constructed hy means of which the iron so wound with 
wire was magnetized and de-magnetized, by being made to approach to and recede 
from a permanent magnet. The result was as anticipated, and powerful currents of 
electricity were thereby induced and traversed the circuit appointed for them. 

The iron was now removed from the helix of wire, and a permanently magnetic core 
introduced and withdrawn ^ — at each introduction and withdrawal of the magnet a 
current of electricity was developed in the wire. 

A copper disc was then employed and made to rotate in the presence of a magnet, 
— 'Currents of electricity were at once detected in the disc. 

By these means water was decomposed-— magnetic needles moved — iron and steel 
magnetized — and all the other well-knowU effects of electricity, both frictional and 
galvanic, were produced. 

Amongst the labourers in this branch of science maybe reckoned the names of 
Babbage, Herschel, Barlow, Nohili, Antinori, Baccelli, Christie, Prevost, Colladon, 
Harris, and others. 

Various forms of magneto-electric machines were subsequently devised. 

Dr. faraday, however, was the first person who constructed one by means of 
which a continuous current of electricity was produced. 

In 1832, M. Pixii, of Paris, constructed a machine in which a coil of copper wire 
was employed instead of a disc of copper ; and in 1833, Mr. Saxton submitted to the 
British Association his magneto-electric machine, in which the coils rotated and the 
magnet was fixed. 

Another form of the same kind of machine was executed hy Mr. Clarke, and is fully 
described by M. Becquerel. 

From this period up to the present time little further improvement has been made 
in producing electricity from the action of the magnet. 

In 1841, Professor Wheatstone patented a mechanical annngement by means of 
which, with a series of electro-magnets rotating before a magnet or a set of magnets, 
a continuous current of electricity in the same direction was produced. This instru- 
ment was intended to supersede the use of galvanic batteries in electric telegraphs, 
but it does not appear to have ever been brought into practical operation. 

A modification of Mr. Saxton^s arrangement is, however, now employed to a consi- 
derable extent in producing electricity for the ringing of the alarums of a telegraph, 
— and it is proposed by Messrs. Henley and Forster (who have taken out a patent 
for an electric telegraph) to use the magneto-machine for producing electro-mag- 
netism in a distant electro-magnet, in order to attract and repel a magnetic needle. 
It should be observed with regard to this method of producing currents of electricity, 
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that electricity is generated in the conducting •wire only when an adjacent electro- 
magnet is undergoing a change in its magnetic state ; and that when the magnetism 
of such electro-magnet imremingy the current of electricity developed is in one 
direction, wliilst, when the magnetism is the current of electricity is in the 

opponiie direction ; and also, that when the magnetism of the electro-magnet is sta- 
ary, MO current of electricity ensues. 

This method of producing electricity through the medium of the magnet is well 
adapted for causing the liberation of the detent of wound-up mechanism, wdiere the 
power used is required only for a very short period of time. 

The next subject for inquiry is 

The Production of Meciricitg hg a Change of Temperature. 

Professor Seeheck, of Berlin, was the first to observe that a current of electricity 
could be generated by joining together arcs of two different metals, and applying heat 
at either of the points of junction. 

This discovery was ho sooner known than many philosophers repeated and extended 
the experiments made by Professor Seeheck. 

Amongst the first labourers in this field were Baron Yan Zuyleii, Dr. Van Beek, and 
''Professor 'G.MolL/X', 

Many were the experiments made by these philosophers, and great additional 
knowledge was obtained by them in this new branch of the science of electricity. 

Of the details of the experiments of Professor Seeheck little was known in England 
at'the time. ■: ■ ' ■ 

Professor Gumming was the first to undertake the task of investigating thoroughly 
the peculiarities of this new species of electricity, and to him science is indebted for 

■ 'several very important facts'' 'developed in his experiments, , 

Professor Gumming clearly proved, that all that was necessary in order to produce 
in a conductor a current of electricity, was, that one end of the conductor should be 
at a different temperature from that of the other end. 

It matters not whether the temperature of the one end be raised by the application 
of heat, or whether it be lowered to an equal degree by the application of cold. A 
current of electricity in both cases is produced, the only difference being in the d^w- 
tion of the current,*— the current at all times progressing in one and the same direction 
with regard to the relative position of the hotter and cooler ends of the conductor. 
Various forms of thermo-electric apparatus have been devised, and the power multi- 
plied by the repetition of alternations of the pieces of metal employed, — in manner 
somewhat resembling the repetitions of the alternations of the elements in the gal- 

■ 'vanic battery. 

The two metals, which, when their ends are soldered together, produce the most 
powerful current of electricity, are antimony and bismuth. 

A detailed account of the ingenious experiments of Professor Gumming will be 
found in the ‘ Transactions of the Cambridge Philosophical Society^ for 1823. 

The author does not deem it necessary here to dwell longer upon this mode of 
producing electricity, as it has not been as yet practically applied to the electric tele- 
graph. 

The field is one rich in the extreme, and from which, no doubt, in time, will be 
extracted great knowledge as to the constitution of matter, and the action of particle 
on particle : nor is it at all improbable that the day is not very distant when a farthing 
] rushlight will he made capable of developing sufficient electricity to keep up an 


instantaneous communication by telegraph between London and Liverpool, 
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I SECTION 11. 

On the MeamusuaUy employed for Trammitting Electricity to a distant Place. 

It is evident liow comparatively valueless for the purpose of telegraphing would 
I have been the many wonderful discoveries in the production of electricity, if means 

were not to be found for conveying the power with little or no impediment or loss 
to a point remote from its source or origin. 

i This part of the subject for a long period occupied the attention of many of those 

engaged in the science, 

U It was found, after many careful experiments, that several substances had the pro- 

perty of conveying electricity through them with but a very slight impediment to its 
passage. ■ ^ 

The metals were found to rank highest in this property. It has been subsequently 
! found that all bodies are conductors of electricity, more or less. No substance has 

yet been discovered which is an absolutely perfect non-conductor. With all bodies, 
the passage through them of a definite amount of electricity is but a question of time. 
The great object to be obtained in the construction of an electric telegraph is, to 
, give the greatest possible facility for the passage of the power to a particular distant 

station, and to throw every possible obstacle in the way of the escape of any portion 
of the power in any other direction than the one desired. 

For such purpose, the most perfect conductors are used for the conveyance of the 
I power, and the most perfect insulators made to surround such conductors. 

The following Table exhibits the conducting power of several bodies with respect to 
electricity. It begins with the most perfect conductors and ends with those which are 
^ the least perfect conductors. The properties, therefore, of these latter bodies approxi- 

( mate most closely to that of non-conductors or insulators. The exact order, however, 
is by no means fully substantiated as yet, and the Table must only be taken as a 
general guide. 


All the metals, viz. 

Silver, 

Ice above 13® Fahrenheit, 

Phosphorus, 

Copper, 

Snow, 

Lime, 

Gold, : 

Living vegetables, j 

Dry chalk, 

Brass, 

Living animals, 

Native carbonate of ba- 

Zinc, 

Flame, 

rytes, 

Tin, 

Smoke, i 

Lycopodium, 

Platinum, 

Steam, 

Gum elastic, 

Palladium, 

Salts soluble in water, 

Camphor, 

Iron and 

Rarefied air, 

Some silicious and argilla- 

Lead, 

Vapour of alcohol. 

ceous stones, 

Well-burnt charcoal, 

Vapour of ether, 

Dry marble. 

Plumbago, 

Moist earths and stones, 

Porcelain, 

Concentrated acids, 

Powdered glass, 

Dry vegetable bodies, 

Powdered charcoal, 

■ Flowers of sulphur, 

Baked wood. 

Dilute acids, 

I Dry metallic oxides, 

Dry gases and air, 

Saline solutions, 

Oils — the heaviest the best, 

Leather, 

Metallic ores, 

Ashes of vegetable bodies, 

Parchment, 

Animal fluids, 

Ashes of animal bodies, 

Dry paper, 

Sea-water, 

Many transparent crystals, 

Feathers, 

Spring-water, 

dry. 

Hair, 

Rain-water, 

Ice below 13® Fahrenheit, 

W^ool, 
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Dyed silk, 
Bleached silk, 
Raw silk, 
Transparent gems, 
Diamond, 


Mica, Sulphur, 

All vitrifications, Resins, 

Glass, Amber, 

Jet, Shell-lac. 

"Wax, 

Since the above Table was arranged, Gutta Percha has been discovered, and has 
been found to be one of the most perfect of the non-conductors. 

Dr. Desaguiliers devoted considerable attention to this part of the subject, from 
the time of the labours of Grey until the year 1742, He was the first who applied 
the term conductors to bodies through w^hich electricity passed with comparative 
freedom. He shewed also, that the conducting power of animal substances was due 
to the fluids that they contained. 

Dr. 'Watson also proved experimentally, that a shock could be passed with great 
facility through a great number of men at the same instant of time. 

The attention of philosophers was now directed to ascertain to what distance the 
shock could be transmitted. 

At Paris, M. Nollet transmitted a shock through 180 soldiers. He also formed a 
chain measuring 5400 feet by means of iron wires extending between every two 
persons : the whole company received the shock at the same time. 

A discharge from the Leyden jar was also ej6fected through circuits of 900 and 
2000 toises in length, and in one experiment the basin of water in the Tuilleries 
formed part of the circuit. It was in England, however, that experiments on this 
subject were made on a more extended scale. 

Dr. Watson stretched a wire across the Thames over Westminster Bridge. One of 
the extremities of this wire communicated with the exterior of a Leyden jar, and the 
other was held by a person in one of his hands, while the other hand grasped an iron 
rod. Another person on the opposite side of the river grasped a vrire communicating 
with the interior of the jar. The moment the first-named person dipped the rod into 
the river, the current passed, and both persons received the shock. This appears to 
be the first time that a circuit composed partly of wire and partly of the earth was 
used for transmitting currents of electricity. 

The next experiment was made by Dr. Watson at Stoke Newington, near London, 
where a circuit of nearly two miles was used. This circuit, as in the former case, 
was made up partly of wire and partly of the earth, the wire being in one case 2800 
feet long, and an equal distance intervening through the earth. It was found, too, 
that the effect was the same whether the rod was only dipped into water or driven 
into the earth. 

Similar experiments were tried at Highbury in 1744, and finally at Shooters' Hill 
in August, 1747. In the experiments at Shooters' Hill the wire was 10,500 feet long, 
the observers being thus separated by a distance of two miles. The wires were sup- 
ported on posts of baked wood. The whole circuit was therefore four miles long, 
being composed of two miles of wire and two miles of earth. 

It now became a well-known fact that electricity could be transmitted over 
a very considerable distance by means of an insulated wire, and that the effects 
produced in every part of the circuit were, if not absolutely instantaneous, yet 
practically so to all intents and purposes. No more experiments were therefore 
needed to confirm these simple facts. It was absolutely necessary, however, for these 
facts to he proved, before an electric telegraph could be treated as practically possible. 

In 1839, Dr. O’Shaugnessy conducted an extensive series of experiments in India, 
with the view to ascertain the most suitable form of electric telegraph for that 
country. To Dr, O'Shaugnessy is due the carrying out of Dr. Watson's method, now 
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so generally adopted in Great Britain and America, yiz., of snspending the telegraphic 
wires in the air from post to post. Br. O'Shaugnessy erected for his telegraphs no 
less than twenty-two miles of wire : the wires were of iron. They were fastened to 
poles of bamboo, fifteen feet out of the ground, and were made to hang parallel, at 
distances from each other of about twelve inches. 

These important experiments of Br. Watson and Br. O’Shaugnessy set the matter 
completely at rest, and rendered the idea of communicating intelligence between 
distant points, by means of electricity, no longer chimerical or doubtful, but a matter 
■■of absolute '''certainty. 

The various discoveries enumerated ahove furnished therefore all the materials 
necessary for the formation of an electric telegraph. Each inventor has turned to 
this common stock of knowledge for the materials wherewith to build up his par- 
ticular arrangements of telegraphic apparatus. One inventor has employed electricity 
produced hy friction, another galvanic electricity, and a third magneto-electricity, 
and so on; and then each has used the apparatus most suited for the employment 
of the electricity so generated. 

Having thus briefly noticed the discovery of the various component parts of an 
electric telegraph, it is proposed to proceed now to deal with the electric telegraph as 
a whole, and to notice as concisely as possible the particular arrangements recom- 
mended by various persons for the construction of a complete electric telegraph. 

SECTION III. 

Before describing the plans of telegraph which have from 1837 to the present time 
formed the subject of patents in this kingdom, it will be well to notice briefly the 
principal features of the many telegraphs which preceded those for which patents 
were granted. All these first telegraphs were freely given to the world by their 
respective inventors, and from them most of the materials employed by late patentees 
have been obtained. 

It is clearly very difficult, now that so many years have elapsed since accounts of 
these first telegraphs were invented, to fix the precise dsXe at which the inventions 
were publicly known in this and other kingdoms. But it is also equally clear, that 
men in the position of Professor Wheatstone, engaged as he was at the time as a 
Professor in King’s College, London, and who in consequence of that high scientific 
position would, no doubt, he in constant communication with most of the scientific 
institutions abroad, must have been early acquainted with any such inventions. 

The invention of the electric telegraph has, in different countries, been attributed 
to different individuals. Nothing, however, can be more incorrect than to attribute 
to any owe man tbe invention of the electric telegraph, as so many eminent men 
have lent a helping hand in adapting the wonderful discoveries in electricity to the 
purpose of conveying intelligence. If to any single person the honour of having 
‘^invented the electric telegraph” is to be attributed, it surely ought to be either to 
the first person who proposed the employment of electricity for telegraphic purposes, 
or to the first person who did practically convey intelligence to a distant point by 
means of electricity. If so, then no patentee can claim the honour of inventing Tfie 
Electric Telegraph* 

But to proceed with a short summary of the peculiar features in tbe telegraphs 
invented prior to the grant of the first patent. 

Brief Summary of Telegraphs prior to the year 1838. 

Lesarge, in 1774, employed 24 wires and a pith-ball electrometer. 

Lomond, in 1787, employed 1 wire and a pith-ball electrometer. 

Betancourt, in 1787, used 1 wire and a battery of Leyden jars. 
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Reizen, in 1794, had 26 wires : the letters of the alphabet were cut out in pieces 
of tinfoil, and rendered visible by sparks of electricity. 

Cavallo, in 1795, used 1 wire: the number of sparks was made to designate the 
various signals, and the explosion of gas was used for an alarum. 

Salva, in 1796. The exact particulars of this telegraph are doubtful. 

In all the above plans, high-tension electricity was to be employed. 

Soemmering's telegraph, of 1809 or 1811. In this telegraph galvanic electricity 
was used, and as many wires were employed as there were letters or signals to be 
denoted. The letters were designated by the decomposition of water: an alarum 
was also added. 

Schwieger employed the principle of Soemmering's telegraph, but reduced the 
number of wires to two. He also proposed the printing of the letters. 

Coxe's telegraph, in 1810. Coxe proposed the use both of the decomposition of 
water and also of metallic salts. 

Ronald's, in 1816. In the telegraph of Ronald, high-tension electricity was 
employed. The wires used were laid under-ground as well as suspended in the air. 
A pith-ball electrometer, hung before a clock-movement, enabled the letters on a dial 
to be read off. The sounding of an alarum by exploding gas, &c, was also added. 

Ampere, in 1820. Ampere employed the magnetic needle, the coil of wire, and 
the galvanic battery, and proposed the use of as many wires as letters or signals to 
be indicated. 

Tribaoillet, in 1828. Tribaoillet's telegraph required but one wire, and this was 
buried in the earth. A galvanic battery and a galvanoscope were employed. 

Schilling's telegraph, in 1832, Schilling employed five magnetic needles and had 
also a mechanical alarum. In another telegraph of Schilling's one needle and one 
wire only were used. 

Gauss and Weber, 1833. In the telegraph of Gauss and Weber one wire and one 
needle only were needed. The power employed was magneto-electricity. 

Taquin and Ettieyhausen, in 1836. The particulars of the telegraph of these 
parties are at present uncertain. 

Steinheil's telegraph, 1837. This telegraph required only one wire and one or two 
magnetic needles. The power used was magneto-electricity. Steinheil had both a 
printing telegraph as well as a means of telegraphing by sounds produced by electric 
apparatus striking bells. 

Masson's telegraph, 1837 and 1838. In this telegraph magneto-electricity was 
employed along with magnetic needles. 

Morse's telegraph, 1837. Morse's telegraph was a printing or recording telegraph; 
it required only one wire, and used galvanic electricity. An electro-magnet of iron 
was used for attracting an armature, to which was attached a pricker or pen to mark 
paper, which was made to pass underneath it. 

Vail's telegraph, 1837. This was a telegraph for printing the letters of the 
alphabet. One wire only was used. Clock-work mechanism, regulated by pendulums, 
was also added. 

Davy's telegraph, 1837. In this telegraph magnetic needles and coils of wire were 
used. The needles removed screens which previously rendered the letters invisible. 

Alexander's telegraph, 1837. Thirty magnetic needles and thirty wires were 
required in this plan. Each needle removed a screen which obscured a letter painted 
behind it. 

Previous to 1837 we have, therefore, no less than fifteen telegraphs, and in 1837 
no less than six new arrangements of telegraphs, exclusive of the patented one of 
Messrs. Cooke and Wheatstone. 
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SECTION, IV.' 

XEAXUNG FEATURES OF THE PRINCIPAL TELEGRAPHS PATENTED FROM THE 
YEAR 1837 TO THE PRESENT TIME, AND NOW IN USE IN ENGLAND. 

Cmhe and Wheatstone’s Telegraphs. 

Oh the 12th of June, 1837, Messrs. Cooke and Wheatstone took out letters patent 
in England for improvements in giving signals and sounding alarums in distant 
places by means of electric currents transmitted through metallic circuits.^^ 

Many persons have long had an idea that Messrs. Cooke and Wheatstone were the 
first inventors of the eleetric telegraph. It is clear, however, from what has been 
said before, and from the very title of this patent, which is for improvementsy^ 
and those improvements relating to certain particular parts only of the electric 
telegraph,—- that such a notion is wholly erroneous. 

The peculiar features of this telegraph were, as they are expressed in the title, 
improvements on the well-known modes of making the signals and of sounding 
alarums. 

Five magnetic needles and coils were used, and either five or six wires employed, 
according as it was desired, by means of the needles, to produce twenty or thirty 
primary signals. The needles were arranged in a horizontal row and on a vertical dial, 
and stops were placed to cause each needle to remain inclined at a particular angle 
when acted on by electric currents. 

Letters were engraved on the dial at the points where the lines of convergence of 
two needles met ; by causing two of the five needles to converge, a letter could be 
denoted. Five wires and five needles gave twenty of such signals; if a sixth wire 
were employed, but without a needle, then only one of the five needles could, if desired, 
he moved ; and thus, by the single motion of each of the five needles to the right or 
left, ten other signals could be given. 

The improvement relating to the alarum was the employment of the attractive 
force developed in soft iron (when electric currents were caused to pass round it in 
coils of wire), for the purpose of striking a bell or releasing wound-up mechanism* 

It is clear that this telegraph, as a whole, was a great improvement on many others 
at that day, though still very far from perfect. 

The peculiar arrangement of the dial at once reduced the number of wires which 
would have been required under Ampere^s plan from twenty to five, although it must 
not be forgotten that at this time many one-wired telegraphs were well known. 

A peculiar kind of key-hoard was employed, and other mechanical improvements 
effected. It must be observed, however, that this telegraph contained little or nothing 
new beyond the peculiar eomlination of well-known parts- The use of the needle 
and coil was old; the employment for telegraphic purposes of galvanic electricity 
was old ; the burying of insulated wires in tubes was old ; the attractive force of soft 
iron to develop electro-magnetic properties was old. But the peculiar mode of 
giving signals and sounding alarums’* (the words as g^ven in the title) was new, 
and was an improvement on the then known plans of this class of telegraphs, and 
a great improvement too. 

The author has been anxious to put this matter in what he considers its true 
light, as much misapprehension has arisen as to what the real inventions in this 
patent were, — a misapprehension which he conceives has arisen fi:om the great 
difficulty which all persons (excepting only those who have spent many years in this 
particular branch of science) experience in obtaining a. correct knowledge as to what 
was and what was not the common stoqk of knowledge possessed by many parties at 
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ttatdate conversant with the science, and especially as to what had been already 
done in electric telegraphs. 

To Professor Wheatstone himself credit must be given not only of knowing what 
had been done in this country, but what had been proposed and done in almost 
every civilized country on the Continent, both as regards electricity and electric 
telegraphs; and hence the reason is obvious why the first patent taken out for 
an electric telegraph in this kingdom had in its title, for its security's sake, the 

word IMPROVEMENTS.'^ 

The author conceives that great injury has been done to Professor Wheatstone and 
his partner Mr. Cooke by parties claiming for them the first invention of the electric 
telegraph; whereas if those Mends had but read the first published words of the 
inventors themselves, they would have found that all that they themselves had said 
is, that what they had invented were only certain Much undeserved 

bitterness and acrimony of feeling have thus been raised unjustly against the first 
of improvements in electric telegraphs. 

Wheatstme^s Five-Needle Telegraphy patented in 

The following description Tvill explain this form of telegraph : 

Cooke and Wheatstone's arrangement required the service of five galvanometers. 
Annexed is a representation of 
the dial. In the interior there are 
five galvanometers, numbered 1,1 ; 

2,2; 3,3; 4, 4; and 5, 5. The 
coils of the multipliers are secured 
with their needles to the case, 
having each exterior needle pro- 
jecting beyond the dial, so as to 
be exposed to view. Of the 
wires from the coUs, five are re- 
presented as passing out of the 
side of the case, on the left hand, 
and are numbered 1, 2, 3, 4 and 
5. The other five wires pass out 
on the right hand, and are num- 
bered in the same manner. The 
wires of the same number as the 
galvanometer are those which 
belong to it, and are continuous. 

Thus the wire 1 , on the left hand, 
proceeds to the first coil of gal- 
vanometer 1, then to the second 
coil, and then coming off, passes 
out of the case, and is numbered 
1, on the right hand ; and so on 

with the other wires. The dial has marked upon it, at proper distances and angles, 
twenty of the letters of the alphabet, viz. a, b, d, e, f, g, h, i, k, l, m, n, o, p, r, 

T, V, w, y. On the margin of the lower half of the dial are marked the numerals, 
1, 2, 3, 4, 5, 6, 7, 8, 9, and 0. The letters c, j, a, u, x, z, are not represented on 
the dial, unless some six of those already there are made to sustain two characters 
each, of which the Specification is silent. Each needle has two motions, — one 
to the right, and the other to the left. For the designation of any of the 
letters^ t^e deflection of ^ two needles is required, but for the numerals f one needle 
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' Cooke’s patent 
1838. 
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only. If one needle only were required to be moved, wires were necessary. The 
letter intended to be noted by the observer is designated, in the operation of 
the telegraph, by the joint deflection of two needles, pointing by their convergence 
to the letter. For example, the needles 1 and 4 cut each other, by the lines of their 
joint deflection, at the letter v, on the dial, which is the letter intended to be observed 
at the receiving station. In the same manner any other letter upon the dial may be 
selected for observation. Suppose the first needle to be vertical, as the needles 
2, 3, and 5, then needle 4 being only deflected, points to the numeral 4 as the 
number designed. 

The next inventions of Messrs, Cooke and Wheatstone were patented in the name 
of Mr. Cooke only. The patent was sealed on the 18th day of April, 1838. The 
principal improvement in this patent consisted in a peculiar means of enabling two 
intermediate stations to communicate with either terminus and with each other. 

Under the first patent a message could be sent from either terminus, and it could 
also be read off at an intermediate station; but the intermediate stations could not, 
with the peculiar keys described in the first specification, send a communication to 
each other or to either of the termini. 

The plan set forth would be extremely difficult to describe without a model; *even 
the Specification, accompanied with its drawings, is quite unintelligible to the general 
reader. This plan, however, is not in use now, and has long been superseded by 
other later and better inventions. 

Another plan of sounding an alarum is described in this patent. Wound-up 
mechanism was to be liberated and a bell sounded the angular motion of a magnetic 
needle^ the motion being produced in a manner similar to the motion of the needles 
of the telegraph instrument in the previous patent. 

The peculiar form of telegraphic instruments, as described in these two patents, for 
sending intelligence, was tried both on the Great Western and the London and 
Birmingham Railways, but 
was soon abandoned, and 
has never since been used 
either in this or any other 
kingdom, A totally different 
form of telegraph, viz. an 
instrument having only two 
needles, is now in use, and in 
some cases only one needle is 
employed. 

The engraving represents 
one of these double -needle 
instruments. 

The following is an account 
of the number of words per 
minute sent by the double- 
needle telegraph in 11 des- 
patches for the ‘ Times ^ 
newspaper, in the year 1849. 

The average per message is 
at the rate of nearly 17 
words per minute : 
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364 words, at the rate of 13| words per minute. 

166 ,, ,, 8:|- „ St 

383 IS St I'^l’ ss » 

447 ss St 17:1 j» St 

101 ,, ss ,, „ 

288 „ „ 17 „ „ 

274 „ „ IH „ 

106 ,, ff 15-|- ,, St 

102 „ „ 12f „ 

334 ,, ir 1^4^ St St 


The next patent taken out by Messrs. Cooke and Wheatstone was dated the 21st 
of January, 1840. 

The telegraph included under this patent is a step-hy-step letter-shewing telegraph. 
A disc, having all the letters upon it, was fixed on the axle of a piece of clock-work 
mechanism, — an electro-magnet and armature of iron were attached, so that as the 
^ Wheatstone’s Electro -Magnetic Telegraph, as tried on the Great Western Eailway. 


Patent of Cooke 
and Wheat- 
stone, of 1840. 
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armature was attracted to the electro-magnet, the disc was allowed to progress one 
step forward in its revolution, and thus to expose to view, in a small orifice cut in the 
dial for the purpose, the letters of the alphabet, one by one at a time. A pallet and 
escapement-wheel, similar to those employed in a clock, were used, so that every cur- 
rent of electricity transmitted allowed the disc to progress one step or tooth, and to 
expose to view successively each letter of the alphabet. When a particular letter 
was to be recorded, the disc was allowed to remain for a short period of time, with 
the desired letter, exposed. 

Electricity, from a peculiar arrangement of the magneto-machine, was also em- 
ployed. 

This telegraph is known as the Revolving Disc Telegraph. The great difficulty 
experienced with this telegraph was the impossibility of making the discs at two or 
more stations to move exactly together, i. e. for neither to lag behind. 

If this lagging behind did occur, then when B was visible at one station J would 
be visible at another, and ever afterwards all the letters would be wrong. 

The Specification also describes another modification of an alarum. 

This telegraph has never been brought into any practical use in this kingdom, and 
is now entirely abandoned for other plans. 

The preceding figures will sufficiently explain this form of telegraph. 

The next telegraph by Messrs. Cooke and Wheatstone was patented on the 7th of 
July, 1841, in the name of Wheatstone only. 

The Specification principally refers to electric engines and particular means of pro- 
ducing and developing the power ; but it has also claims for parts having reference 
to electric telegraphs. 

The parts referring to telegraphs contain descriptions of modes of making marks on 
paper by means of transfer paper, and modes of causing two or more electro-magnets 
to act in succession by means of electricity sent over only one line wire. 

The next patent taken out by Messrs. Cooke and Wheatstone was for particular 
modes of suspending wires in the air. This patent bears date the 8th of September, 
1842, and was taken out in the name of Mr. Cooke only. 

The modes described are various, but the principal features were the causing of 
zones of dry wood to exist between wire and wire by means of artificial cases or cir- 
cular sheds, like umbrellas, — the tightening of wires by certain well-known me- 
chanical means; — the use of compound twisted wire — a kind of portable telegraph 
instrument to be attached to the wires, — as also the use of wires suspended under 
the particular modes as described and patented, if used for the purposes of sending 
currents of electricity to work electric clocks, or particular kinds of apparatus con- 
nected with certain descriptions of electric telegraphs. 

The plan of causing zones of dry wood to intervene between wire and wire was 
tried and has been abandoned. It was succeeded by the following method, which 
has been very extensively employed in England until within the last few months. 

The figures in the next page will explain this plan: 

a a are arms of wood attached to a post or standard by means of a bolt passing 
through the porcelain tubes yy, ee are tubular insulators of porcelain, affixed to 
the arms by clips of iron. Tlie wires pass through the tubes e e, and are thereby 
insulated. About every tenth post is made stronger than the intermediate ones, and 
strong cast-iron ratchet-wheels, with barrels, r r, are affixed to it for drawing up the 
wires. When the wire has been threaded through the insulators ee on the inter- 
vening poles, its end is attached to these winders, and on turning the ratchet-wheels 
round by means of a strong handle, the wire may be wound round these barrels and 
thus drawn up to any degree of tension desired.. The ratchet-wheels and barrels on 
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Figs. 2 and 5 sliew the plan of a drawing post with these winders attached, and 
fig. 1 the plan of an intermediate post. Fig. 4 is a vertical section of figs. 2 and 3. 
The posts are shewn fitted np for two vertical rows of wires. The wires now used 
are of iron, which is galvanized, to protect it from the action of the atmosphere. 
They are of about one-sixth of an inch in diameter, corresponding to No. 8 of the 
wire gauge. Being obtained in as great lengths as possible in the first place, suc- 
cessive pieces are welded together until a length of about 440 yards has been 
formed, the weight of which is about 120 ifes. 

The following are the principal dimensions of the posts and poles used in the first 
telegraphs of the kind erected in England : 
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each side of the post are connected to each other by the holt and are insulated 
from the post by means of the porcelain tubes # t 
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Cooke and 
Wheatstone’s 
'• patent, May 6, 
; 1845 . 


This mode of suspending wires is now, however, ahandoned for a more simple and 
inexpensive method. In the first place, the poles are of larch or common fir, — 
the winding apparatus is dispensed with, — and a new form of insulator adopted. 

The first plan of all adopted by Messrs, Gooke and "Wheatstone in the extension 
of the conducting wires between distant points, was to cover each vnre with cotton 
or silk, and then with pitch, caoutchouc, resin, or other non-conducting material, 
and to enclose them, thus protected, in tubes or pipes of wood, iron, or earthen- 
ware. The telegraph on the Great Western line was originally laid down in this 
method. This was abandoned for the introduction of wires on poles insulated by 
zones of dry wood. This second plan in its turn has also been discarded, and the 
poles pulled up. 

Excepting in localities where the suspension of wires is impracticable, as in streets 
and towns, or on public roads, the earlier method of placing the wires in tubes of 
iron or wood has given place to the above plan. 

The last patent taken out by these parties was dated the 6th of May, 1845. 

The patent is very voluminous and contains several improvements in the detailed 
or dissected portions of the telegraphs then in use. To give an idea of the length of 
this Specification, it; is necessary only to state, that the copy which the author has 
occupies no less than 90 sides of foolscap paper, written on very closely, and with not 
less than 30 lines to each page, i. e. 2700 lines of closely-written foolscap. 

The claims amount to fourteen in number. 

The improvements relate to modes of moving magnetic needles, — modes of arranging 
stops to needles, — -modes of arranging pointers, — modes of producing audible sounds 
for particular purposes, — a particular kind of code, — other modes of moving pointers, 
•—a mode of attaching a portable telegraph to the line wires,— improvements in gal- 
vanometers, — a mode of setting free an alarum by a falling weight,— covering iron 
wire with leaden tubes when the tubes are to he suspended in the air, — alterations in 
magneto-machines, and lastly, a particular kind of key apparatus. 

An Act of Parliament was passed in 1845, for incorporating a Company under the 
title of ‘ The Electric Telegraph Company,^ for the purpose of working these 
patents. 


; Highton’apatent, 
: 1846 . 


The next patent was taken out by the Eev. H, Highton, M.A., in 1846. The 
telegraph included in this patent is known as the Gold-Leaf Telegraph. 

A small strip of gold leaf inserted in a glass tube was made to form part of the 
electric circuit of the line wire. A permanent magnet was placed in close proximity 
thereto. When a current of electricity was passed along the line wire, the strip of 
gold leaf was instantly moved to the right or left, according to the direction of the 
current. 

The author lays no claim to this invention; he was at the time occupied in 
important engineering works, and did not even see this form of telegraph until it 
was bought by the Old Electric Telegraph Company, in consideration of a small 
annuity for fourteen years, which the Company agreed to pay to the inventor for the 
exclusive use of the invention. 

The following will fully explain this most simple and perfect telegraph ; 


Extract from the Specification of the Patent granted to Henry Highton, of Kughy, in 
the county of Warwick, Master of Arts, for improvements in Electric Tele- 
graphs. Sealed February 3, 1846. 

“ To all to whom these presents shall come, &c., &c.— In the electric telegraphs 
now commonly used on English railways, signals are given by the motions of mag- 
netic needles, which are caused to move to either side by the action of electric 
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currents passed in either direction, through 
coils of we surrounding magnetic needles. 
And I have discovered that signals can he ex- 
hibited in electric telegraphs by motions pro- 
duced by electric currents in strips of metallic 
leaf, suitably placed, in a very cheap form of 
signal apparatus, resembling a gold-leaf gal- 
vanometer. 

The drawing hereunto annexed represents a 
signal apparatus, consisting of a glass tube, a, 
fitted in brass caps, <z, at top and bottom, and 
having a strip of metallic leaf, b, (gold leaf 
being the kind of metallic leaf which I usually 
employ,) passing through its centre, loosely 
hung, in metallic contact with the said caps; 
the upper extremity of the metallic leaf being 
fixed at right angles to its lower end, so that 
the metallic leaf, from whatever direction seen, 
will present at some part j 
its fiat surface to the eye. 

The caps, a, a, (which 
are moveable, in order 
that the metallic leaf may 
be replaced, if broken,) 
are placed in a circuit 
suitable for electro-tele- 
graphic communication. 

** Near to the metallic 
leaf (as on the outside of 
the glass) is placed either 
of the poles of a magnet, 
c. And the efifect of this 
arrangement is, that when 
a current of voltaic elec- 
tricity is caused to pass 
through the circuit, and, 
therefore, also through the 
metallic leaf, b, included 
in it, the metallic leaf is 
deflected to one side or 
the other, according to 
the direction of the cur- 
rent. And the distinct 
motions so obtained may 
be repeated and com- 
bined, and used for the 
purpose of designating 
letters or figures, or other 
conventional signals. 

“ One of the above- 
mentteed^ signal appa- 
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ratuses is placed at each terminus of telegraphic communication^ and others may be 
placed at intermediate points. 

“ Each terminus, and also each intermediate station, is provided with a voltaic 
battery and with one of the key-boards in use in single magnetic-needle electric 
telegraphs. The person in charge of the telegraph at either terminus, or at any 
intermediate station, produces the requisite connections for causing an electric current 
to pass in either direction through the circuit, and, therefore, through the metallic 
leaf of the signal apparatus of each terminal or intermediate station, and thus cause 
the metallic leaf of all the signal apparatuses to move simultaneously to either side, 
so as to give the required signal or signals. 

The key-board of each terminal or intermediate station has a handle, by moving 
which the person in charge of the telegraph at any station can cause an electric cur- 
rent to pass through a circuit in connection with a system of alarums at the terminal 
and intermediate stations, similar to those in use in magnetic-needle electric tele- 
graphs.'^ 

The next patent was taken out in January, 1848, by Messrs. H. and E. Highton. 

To the inventions contained in this patent, the author of this article devoted a 
great amount of labour, money, and time. 

The author was acting as Telegraphic Engineer to the London and North Western 
Railway, and was pressed by that Company to invent a set of electric telegraphs free 
from the objections and defects inherent to most telegraphs then in use, and free also 
from any of the then existing patents. 

Every telegraph proposed or executed, either at home or abroad, was minutely 
investigated, and their defects studied vrith the greatest care. Neither time nor money 
was spared to accomplish the objects sought for. 

The result was a series of inventions unequalled in variety and extent to any to 
be found in any patent taken out in this kingdom. 

For these inventions, the patentees received from the hands of His Royal Highness 
Prince Albert, as President of the Society of Arts, the greatest honour the Society has 
the power to bestow, viz, their large gold medal. 

Several of the plans were immediately adopted on the London and North Western 
Railway, in preference to those of the old Electric Telegraph Company, who then pos- 
sessed a great number of patents. The telegraphs gave the greatest satisfaction, and 
have been in constant daily use ever since. 

But to enumerate the principal features only of the inventions in this patent— 

The horse-shoe magnet was suited to coils, and found to he much superior to the 
old straight magnetic needle and coil of Messrs. Cooke and Wheatstone. 

In step-by-step motion telegraphs a means was provided for causing the pointer 
or disc at once to progress by one bound to zero on the starting-point. 

The maximum work capable of being produced by any number of lines was disco- 
vered, and thus three wires were made to produce 26 primary siynaU, and thus to shew 
instantly any desired letter of the alxjhabet. 

Under Ampere's plan, 26 wires must have been used, and under Cooke and Wheat- 
stone's patent 6 wires. 

Suitable keys were devised for sending currents of electricity over three wires in 
the 26 orders of variation. 

Direct-action printing telegraphs were devised, so that a single touch of one out of 
26 keys caused instantly any desired one out of 26 letters or symbols to be printed. 

The insulation of wires was improved, and many other improvements relating to 
electric telegraphs effected. 

The following diagrams shew some of the telegraphs constructed under this patent. 
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.— Single-pointer Telegraph for one line wire, with code shewn on dial. The pointer is 
moved to the right or left by the horse-shoe magnet and coil. 
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Bgs. A, B, and c, shew the arrange* p-ig. a. Fig. c. 
ment and parts of the horse-shoe magnet I 

and coil as arranged nnder this patent. 

Fig. D is another form. — In this the 
coil is circular. 

The advantage of the horse-shoe mag- 
net over the straight magnet or magnetic 
needle of Professor Wheatstone may be 
thus stated ; When a coil surrounds a 
magnetic needle, each convolution of the 
wire has to pass te'cc over the central or 
dead part of the magnet ; whereas, if the horse-shoe magnet he employed, there is 
mre only where there is magnetism in the magnet to he acted on. This latter 
arrangement therefore enables all superfluous resistance in the circuit to be dispensed 
with; and hence the same amount of electric power is enabled to produce a far 
greater effect on the distant telegraphic instruments, or im power to produce an 
fqml effect 
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1850 . 





Fixed Screen. 



Fig. &.-~Direct Letter-shewing Telegraph for three line wires. 

N.B, In this instrument the desired letters are brought instantly into view in the centre of the 


dial by means of three moveable screens. 

The patent next following was taken out by the author on the 7th February, 1850. 

This patent contains a great many improvements in different classes of telegraphs. 
A few only of the principal features will be alluded to here. 

The first part refers to modes of arran^ng electric circuits. 

Means of employing electricity of different degrees of tension and of different 
periods of duration are also shewn, so that two kinds of electric apparatus may be 
connected to one line wire, and one only worked as desired. By this means one of 
the wires usually employed was rendered unnecessary. Other improvements relating 
to the dials are also made. 

A new mode of causing motion in soft iron is described, which promises to be of 
great value in electric telegraphs, as by the employment of this apparatus any 
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demagnetization of the magnets in 
thunder-storms is entirely obviated, and 
the coils of wire made to give out more 
power. 

Pendulous or vibrating bodies in step- 
by-step motion telegraphs are intro- 
duced in order that a definite period of 
time may elapse between each succes- 
sive current of electricity ; and these 
same bodies are caused to make and 
break the circuit, so that no second 
current can be transmitted till all the 
instruments in a series have completed 
the work due to the prior current.' In 
this way all overrun- 
ning or lagging behind 

of one instrument, as 
before described, is 
entirely obviated. 

Another important 
improvement consists 
in the batteries. Bat- 
teries, as therein des- 
cribed, require not the 

slightest attention for 

® Fig. S.—Prmtm 

months together, and wires, according t 
many are now em- the lett. 

ployed in doing the most severe work on 
the London and North Western Railway, 
which are never touched from periods of 
from three to seven months at a time, 
and yet give out, whenever required, a 
constant and equable flow of the electric 
power. 

This is accomplished by the substitu- 
tion of a solution of the sulphates of the 
earths instead of sulphuric acid. 

A further improvement consists in 
the formation of telegraphic posts, 
whereby those of the best foreign timber 
may be constructed at one-half the 
former cost. 

Many other improvements are de- 
scribed, which it would be tedious to 
enumerate, and which can only be pro- 
perly understood by a reference to the 
Specification. 

The next patent was taken out by the 
author in September, 1850. 

This patent relates to Submarine Tele- 
graphs. The insulated wires are pro- 



Fig. 7 . — Telegraph for printing the letterss of the 
alphabet to be used with one line wire. 



Fig. 8.— -Printing Telegraph suited for either one, two, or three line 
wires, according to the rapidity of transmission desired. In this 
telegraph the letters are printed by one touch of a key. 
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tected by being placed in the centre of a cable of wire-rope, or within strands of 
wire. Owing to the expense of patents in England, and as it did not appear to the 
author that this arrangement of protecting the wire would be required in England, 
excepting between England and France, and England and Ireland, the patent was 
taken out for France, Ireland, and Scotland only, instead of for England as well. 

For details of these several patents the reader is referred to the Specifications. 

An Act of Parliament was obtained in 1850 for the incorporation of a Company 
under the title of < The British Electric Telegraph Company,' for the express 
purpose of working and bringing into more general use the telegraphs of Messrs. 
Highton. 

The Printing Telegraphs of Messrs, Highton have not as yet been used for com- 
mercial purposes, as the wires of the British are only now in the process of being 
laid down. 

A brief extract from the Specification of the Telegraphic Wire-rope may not 
prove uninteresting. 

Extract from the Specification of the Patent granted to Edward Highton, Civil 
Engineer, of Clarence Villa, Gloucester Road, Regent's Park, London, for 
Improvements in Electric Telegraphs. Dated September 21, 1850. 

“ My present improvement relates to the manner of protecting and using insulated 
telegraphic wires. 

“ The wires for electro-telegraphic purposes, when bnried in the ground, or 
through the sea or rivers, or attached to the walls of tunnels, &c., have generally 
been insulated with gutta percha, caoutchouc, shell-lac, pitch, and tar, or other 
resinous substances, and covered with a leaden or other flexible metallic tube, or 
have been placed in an iron tube or porcelain tube ; such leaden flexible tube, or iron 
tube, or porcelain tube, being principally used for the purpose of protecting the 
insulated wires from mechanical injury, 

** My Improvement consists in surrounding the insulated wires or strands of wire, 
by putting them in the middle of a wire-rope, so that the insulated wires may he 
surrounded with a flexible covering of iron, or galvanized iron or brass, or other hard 
wire, or small rods of such materials. 

- ** In most cases it is usual in making a wire-rope to place a hempen core in the 
middle, round which the wires or strands of wires are made to run in spiral curves. 

If, then, instead of such hempen core, a wire or wires properly insulated by gutta 
percha or other insulating material, and, if desired, covered also with a leaden tube, 
or other flexible metallic tube, or wound round vrith hemp, coir, or rope, be used 
instead of such hempen core, — then when the wires forming the wire-rope are twisted 
round such insulated wires, a wire-rope will be formed, having in the middle for a 
core one or more insulated wires, as the case may be, and these insulated wires will 
thus be protected from mechanical injury by such coating of wire-rope or outer wires, 
and considerable flexibility will also be attained, and the insulated wires will thus be 
made better able to resist also any lateral or longitudinal strains to which they may 
be subjected. 

I do not deem it necessary to describe the modes of making wire-ropes, as they 
are now so well known, nor of enclosing therein a hempen core. My improvement, 
it will be observed, consists in the substitution of an insulated wire or wires for the 
hempen core usually employed in the manufacture of wire-ropes, so that the same 
may be used for electro-telegraphic purposes, and in the employment during the 
manufacture of such wire-rope of such central core of insulated wires. 


** Instead of the wire-rope being made circular, a flat wire-rope or band may be 
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used, and then by douHing the same over the insulated wires^ so as to enclose them 
therein ; and by fastening the rope so doubled over in such position by hoops, bands, 
or ties, or other convenient means, another form of flexible and strong covering may 
be given to insulated wires ; and possessing also this advantage, viz., by removing 
the bands or ties, the insulated wires may at any time be exposed, and any repairs 
done to them. 

“ Such insulated wires, when so protected from external injury, may he used for 
laying down through the sea or rivers, or under the earth, or for attaching to the 
sides of walls, or they may be suspended in the air. 

In all the above cases, I prefer saturating the rope with a mixture of pitch and 
tar, or marine glue, or such like substance, either during its manufacture or after it is 
completed, or at both stages of its condition.” 

The only other telegraphs in use in England at the present time are those of 
Messrs. Eorster and Henley, and Mr. Brett, and a modification of one of Mr. Baines 
telegraphs. 

I Messrs. Forster and Henley^s telegraph consists of two magnetic needles, or short 

magnets, which are attracted and repelled by electro-magnets excited by currents of 
electricity derived from the magneto-macbine. Pointers are attached to the magnetic 
needles, and the number and order of the movements to the one side of these pointers 
are made to denote the letters. 

Mr. Brett^s telegraph is at present used only at one station in England, viz. at the 
Submarine Station at Dover. This telegraph is a printing one. The letters on a 
type-wheel are brought successively over the paper by means of the ordinary step-by- 
step motion. This motion is produced by intermittent currents of electricity trans- 
mitted round an electro-magnet. A zero movement is also added to the mechanism, 
so that the type-wheel may progress to zero at one bound when the current is reversed. 

A modification of one of the many telegraphs of Mr. Bain is used by the Electric 
Telegraph Company at a few of their stations. This telegraph is on the chemically 
marking plan. By means of long and short chemical marks made at a distant 
station on prepared paper, by the agency of electric currents transmitted along the 
line wire, the letters and signals are denoted. Great rapidity of transmission is ob- 
tained by this instrument, but for the perfect working of it the insulation must be 
very good, as from the nature of the telegraph there cannot he a continuous metallic 
connection for the electricity throughout the whole circuit. 

PART n.— THE SUBMARINE TELEGRAPH. 

In 1849, a Company obtained a renewed charter from the French Government, 
which granted to them the exclusive right for ten years of sending electro-telegraphic 
intelligence between England and certain defined points on the French coast, on con- 
dition that certain requirements were complied with, and the work carried out within 
a given period. 

The first line laid down consisted of one copper wire simply covered with gutta 
percha. This wire was laid across the Channel in August, 1850 ; the covering of the 
gutta percha was nearly a quarter of an inch thick. The vrire remained perfect, 
however, only a few hours, as the action of the sea rolling it about on the sharp rocks 
at once destroyed the covering and rendered the wire useless, while a portion of the 
wire was pulled up by the apparatus of fishermen during their fishing operations, 
and severed in several parts. 

In September, 1851, another line of telegraph was laid across the English Channel. 
This consisted of four copper wires, each encased in gutta percha, and then enclosed 
in a rope of galvanized iron : the length of rope made was 24 miles ; it weighed when 
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finished 180 tons. The plan adopted in the manufacture of this telegraph cable was as 
follows I A copper wire (No. 16 Birmingham wire gauge) was first carefully covered 
with gutta percha ; upon this coating of gutta percha a second covering was laid. 
The copper wires were thus thoroughly well insulated. Four of these insulated wires 
were then bound together with spun-yarn and hemp, saturated with tar. This bundle 
of insulated wires with its hempen covering was then surrounded by ten galvanized 
iron wires, each wire being ^^jcths of an inch in diameter. The insulated wires thus 
formed the core of an immense wire-rope, the whole process and the principle employed 
being both exactly the same as those patented by the author in 1850. As this tele- 
graphic wire-rope came from the machine, it was formed into a large coil 30 feet 
in diameter. Each of the external and internal wires w^ere in one unbroken length. 
The several smaller lengths of the external wires, as manufactured, were welded 
together, and the inner ones soldered. The making of the rope occupied 20 days. 

The annexed is a drawing shewing a portion of the rope as finished. 

The machine which laid the iron wires around the insulated 
ones made, when working freely, about 18 revolutions per minute, 
and completed about 11 inches of the cable in that time. This 
huge wire-rope W'as then shipped on board the * Blazer,^ an 
old war steamer which the Admiralty placed at the disposal of 
the Company. The machinery of the steamer, together with 
the funnel, had all been previously removed in order to obtain 
sufficient space in the hull for the coil of the cable. The * Blazer’ 
was then towed from London to Dover. 

On the 25th of September, 1851, the wmrk of paying out the 
cable commenced. Steam tugs were placed by the Admiralty at 
the command of the Company. The ‘ Blazer ’ with her cargo 
was then towed from Dover to the South Foreland, and one end of the rope conveyed 
on to the English shore : the vessel was then towed in the direction of Cape Grinez. 

During the process of paying out the rope, it appears that many kinks^ or bends 
occurred, and the covering .was every now and then torn off the insulated wires 
as the rope passed through the opening made for it in the vessel. So great was 
the damage done at one time that it was thought that the inner telegraphic wires 
were greatly injured. On testing the wires, however, the insulation was found to 
he perfect. It is hoped that time may not reveal the fact of the insulated covering 
having in any way been seriously injured. 

The distance between the extreme points on the two coasts, between which the 
cable was to extend, was 20 miles. An extra length of 4 miles of cable was made 
in order to allow for undulations and sinuosities. In consequence, however, of the 
manner in which the cable was put on board the steamer and afterwards payed out, 
and the sinuosities of the course traversed by the vessel (which at one time broke 
away from the steam tugs), the extra length of 4 miles of rope, as allowed in its 
length, was found to be too little. The end of the 24 miles of rope would not reach its 
destination by about half a mile. 

After temporarily connecting the wires in the cable to some spare w'ire simply 
covered with gutta percha, and thereby passing a few complimentary messages from 
coast to coast, operations were suspended until more cable could be manufactured. 
Another mile of the same land of cable was made, spliced to the old one, and then 
laid down in the sea. 

On the 18th of October the communication was found to be perfect. 

The cost of the cable is said to have been £ 20,000. 

Arrangements, it is said, are being made for trying, through the instrumentality 
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of the submarine telegraph, some remarkable curious astronomical experiments, and 
it is considered that facilities for sidereal observation on all parts of the Continent 
twill be greatly increased by means of it. It is stated that the South Eastern Railway 
Company, with a view to the promotion of the object, have consented to carry a 
wire or wires from their telegraph to the Observatory at Greenwich, so as to con- 
nect it with the submarine wires, which will also be connected with the Observatory 
at Paris, and simultaneous observations be made between the Astronomer Royal here 
and Professor Arago in Paris, The transit of a star over the meridian of London 
and Paris can thus be notified in an instant, together with the time of its transition. 
The longitude of both places, and of different places on the Continent, can also be 
easily obtained, and the most accurate records of comparative astronomy he recorded 
and preserved.'', ' 

Time has yet to prove whether the particular wire-rope employed is made 
sufficiently strong, and the rope properly laid down to enable it to resist the action 
of the sea, anchors of vessels, and the apparatus of fishing-hoats. Many other 
expedients for greater protection than those employed, the author thinks, should have 
been resorted to in a work of so great importance. 

The instruments and batteries employed for the submarine telegraph are the same 
as those adopted for land telegraphs. Amongst the instruments at the Dover Station 
maybe noticed— -Messrs. Cooke and Wheatstone’s double-needle telegraph, Mr. Jacob 
Brett’s printing telegraph, and Messrs. Forster and Henley’s magnetic telegraph. 

December, 1851. 

[For a further explanation of the operations at Dover on the opening of the Sub- 
marine Telegraph, see a Note on the subject, inserted after the article * Zig-ZagJ— 
MitorsS] 

W. 

WATER MEADOWS, or IRRIGATION.* 

, .SECTION^ I. 

This term is used in our own country to express the only system of irrigation 
which the routine of the farmers has allowed to be applied upon a large scale. It 
is true that the comparatively equal distribution of the rain-fall over the whole of 
the year, in the latitudes of the British Islands, renders the application of artificial 
irrigation less necessary in them than it is in drier and warmer climates. But 
the climatological conditions of our wide-spread Colonies differ so vastly, that it 
is highly probable that Officers of the Corps of Royal Engineers may be called 
upon to advise, if not to execute, such works in our more remote dependencies. 
In the following notice, therefore, the practice of other nations will be described 
even more in detail than that of our own, with a view of laying before the Profession 
the results arrived at by the widest and most varied experience, and of furnishing a 
guide in the greatest possible number of cases. 

The subject is, however, so vast, and onr space so limited, that evidently many 
of its important parts must he omitted, or treated in a somewhat cursory manner. 
Indeed, as the application of water to agriculture involves the examination of the 
principles of structural botany, and as the means of distributing it trench upon the 
principles of hydrodynamics, it must be evident that it would be impossible to treat 
of them, all within the limits of this article : it is proposed, therefore, to render it as 
succinct as possible by referring to the best authorities for an account of such 
principles as we may be compelled to notice without elaborate investigation. 


* By G, B. Burnell, C. E. 
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HISTORICAL SKETCH. 

Like all the other arts and sciences, irrigation appears to have been derived 
originally from the East j for it is recorded to have been employed by the inhabitants 
of those regions from the earliest periods. In China, Assyria, and Egypt this mode 
of increasing the fertility of the land seems to have been coeval with the establish- 
ment of definite forms of society ; or at least the earliest records we possess of those 
nations mention the attention paid by the respective communities to irrigation. Of 
course, little faith is to be placed in the history of the Chinese ; but inasmuch as their 
traditions assert that considerable works were executed for this purpose about 2240 
years n. c., it is to be assumed that the art of applying water to cultivated lands by 
artificial means is of very great antiquity. Moreover, as rice is one of the staple 
products of that country, and as it cannot be produced, except under very peculiar 
circumstances, without irrigation, it is reasonable to suppose that the latter process 
must have occupied the attention of this singular nation at a very early period of its 
history. The extreme subdivision of property in China has modified the application 
of the science of irrigation; because, as the fields are small, and manual labour 
perhaps at its lowest rate, the prevailing character of this class of works may be 
described by stating that the waters are usually raised by machines moved by hand, 
or occasionally by the labour of animals. These machines appear to be very simple, 
or, rather, imperfect. It does not appear that the Chinese are much in the habit of 
constructing irrigation canals on a large scale, or reservoirs to store flood-waters, 
(unless it be for the service of their canals,) or longitudinal hanks to direct or control 
the periodical overflows of their great rivers. In fact, this art, like all others, has 
remained in a rudimentary state in the hands of that nation. 

In India the inhabitants appear to have early felt the necessity for, and to have 
taken measures to secure, an artificial supply of water to the agricultural districts not 
immediately situated upon the hanks of the large rivers of the peninsula. To attain 
this object many vast canals were formed, conducting the waters of the Indus or the 
Ganges, or their tributaries, to the districts to he irrigated ; and large reservoirs were 
also formed to store the torrential rains which fall at certain periods of the year. 
The dimensions of these ‘ tanks ^ are frequently colossal; thus, that of Bintenny, 
although now half-filled in, is said to have a circuit of about 8 miles ; that of Can- 
delay has a circuit of about 4^ miles, with a depth of about 24 feet at the head ; that 
of Mainery has a circuit of about 20 miles, with a transverse dyke of not less than a 
mile in length. In fact, every principle of legislation, religion, or superstition appears 
to have been made to co-operate with the extension of the system of irrigation, so 
indispensable for a nation subsisting almost entirely upon rice. 

But perhaps the origin of this science may be traced to the Iranian Empire, alike 
the cradle of the arts as it was of the languages of the civilized world. Ail the 
authors who have treated of that singular nation, — ^with which, thanks to the labours 
of Mr. Layard, assisted by the profound science of Major Eawlinson, we are beginning 
to become, as it were, practically acquainted, — all have assigned a very remote 
antiquity to the * Hanging Gardens of Babylon,^ and even a more remote date to the 
irrigation canals upon the hanks of the Tigris and of the Euphrates. One work upon 
the latter river may be especially mentioned : it is the artificial lake Nitocris, formed 
to receive the flood-waters of that river, for the double purpose of storing them and 
of preventing their destructive ravages. According to Herodotus, this lake had a 
circuit of 20 miles; according to Diodorus, the circuit was 75 miles. Under the 
rule of Mohammedanism, however, it has totally disappeared, together with nearly all 
the other works executed for similar purposes. 

In Egypt, the peculiar character of the climate and of the Nile appears to have 
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occupied the attention of the earliest legislators and rulers of the country* Immense 
canals were cut, by means of which the rising waters of that river were distributed 
over larger areas than they could reach naturally; and transverse dykes appear to 
have been formed to facilitate the deposition of the fertilizing mud they contained, 
by constituting, as it were, so many ponds of still water. General Andreossy, in his 
account of the French expedition to Egypt, mentions in detail the nature of these 
works, and he states that in Upper Egypt they are even now tolerably perfect. 

The canals, which served to conduct the waters during the inundations, became 
reservoirs when these had subsided ; but, as they were necessarily at a low level, the 
waters were forced to be raised by artificial means. The Archimedean screw is said 
to have been invented by the philosopher from whom it derives its name, during his 
travels in Egypt; and it is certain that the noria was frequently employed in such 
positions as those alluded to. Many of these machines are even employed at the 
present day. But the most remarkable work executed by the ancient inhabitants 
of Egypt is unquestionably the lake Moeris, which served to store the waters of 
the inundations. Pomponius Mela states that the area of this reservoir was about 
1500 acres ; whilst, according to Herodotus and Strabo, it was double that size. It 
was formed by Menes, who also executed other very extraordinary works for the 
same purpose of regulating the inundations of the river, and of storing its waters 
against the dry seasons. 

In Ethiopia and Nubia similar methods to those used in Egypt appear to have been 
anciently employed. In Palestine and Phoenicia irrigation was also adopted; but the 
usual practice appears to have been more confined to the watering lands by simple 
machines than by costly and extensive deviations of running streams. 

The Greeks do not appear to have paid any attention to the useful application of 
hydraulics, either for irrigation or domestic purposes. Nor do the Romans appear to 
have devoted much attention to the former subject, whilst the latter occupied one of 
the most prominent places in their consideration. Gato and Virgil allude to irrigation ; 
but very singularly no authentic remains of canals, water-courses, or reservoirs for 
tins purpose, constructed by the Romans, have been found in any of their numerous 
possessions ; whilst it would he impossible to cite a province in which vestiges of 
the colossal works they erected to secure the water supply of their towns may not 
he found. 

In the middle ages, the Visigoths constructed several very important irrigation 
canals in the South of France and in Spain; and the Arabs, who subsequently became 
masters of the latter country, continued the works of their predecessors, adding to 
them the construction of storeage reservoirs, and the application of the noria— a ma- 
chine they introduced wherever they established their dominion. In Catalonia, 
Valencia, and Andalusia, the irrigation canals constructed by the Arabs are, even at 
the present day, in a very perfect state. Upon one of them, in Valencia, that of 
Almazora, is a syphon of about 510 feet in length, which would prove that the state 
of hydraulic science had reached a very advanced point amongst that anomalous 
people. In Upper Catalonia it is not uncommon to see norias set in motion by 
wind-mills, for the purpose of raising water to the upper districts. 

In modern Italy the science of inigation has made perhaps the greatest progress, 
and, singularly enough, it would appear to be the most practised in the districts for- 
merly occupied by either the Gothic or Visigothic tribes. In the Piedmontese domi- 
nions, and in Lombardy, the most perfect system of irrigation which can he cited, 
perhaps in the world, exists ; whilst in Central and Southern Italy very little has been 
done to apply to useful purposes the numerous streams descending from the Apen- 
nines. As many of our future illustrations will be drawm from Upper Italy, it may 
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suffice at present to mention, that frequently the artificial water-courses of that 
country have been designed with a view to render them applicable to the purposes 
of irrigation and of navigation at the same time ; and that in Piedmont many large 
reservoirs have been formed to store rain-waters. 

In the South of France also, the Gothic tribes introduced the system of irrigation. 
One of the largest canals formed for this purpose in the Eastern Pyrenees is called, 
even at the present day, after Alaric, and is usually believed to have been constructed 
by the orders of that conqueror, who would seem occasionally to have had ideas of 
a different nature from those usually attributed to him. In the centre and in the 
North of France partial irrigation is carried on by diverting some streams, and, like 
those in the South, they appear to be of very great antiquity. Storeage reservoirs for 
rain-w^aters exist only in the South. 

In Germany, Holland, and Flanders, it is very rare to find any other kind of irriga- 
tion than that known in our own country by the name of water meadows ; nor do the 
means employed exhibit more ingenuity than those we are accustomed to at home. 
In fact, the climate of Northern Europe is far too moist to require any great outlay in 
securing an artificial augmentation of the prevailing characteristic ; and the difficulty 
the scientific farmer has to encounter is rather the excess than the want of water. All 
these countries, like our own also in this, adopt the practice of ‘ warping,' (which 
will be described hereafter,) for the purpose of retaining the materials in suspension 
in the tidal waters of their estuaries. 

America is stiU too fresh to require the application of science for the extraction of 
its agricultural wealth. There are a few water meadows in the alluvial plains of 
North America, but the science of irrigation, not being yet required, is of course in a 
rudimentary state. 

General Principles of Irrigation* 

It may he asserted as a general rule, that there are no countries to which irrigation 
may not he usefully applied ; but the atmospheric conditions of the intertropical and 
of the glacial zones are such as to render the economical results of the operation often 
very questionable in their cases. For, firstly, it is well known that as we proceed from 
the temperate zones towards the Poles, the average annual rain-fall tends to distribute 
itself more equally over tbe year, even if the total quantity be not greater, A general 
system of irrigation in such countries would necessarily cost as much as in any 
other ; hut the occasions for its use wmuld diminish more and more as we approached 
the Poles. In the intertropical regions, on the contrary, the excessive heats would 
require much greater quantities of water, and the class of vegetation thus called into 
existence would be of a nature so totally different from that aimed at in the temperate 
zones, that none of the present rules for the management of irrigation would apply. 
The most satisfactory results hitherto attained have been unquestionably those to he 
met with in the temperate zones, and it is to them attention will be principally 
directed. In our hemisphere they may be considered to be comprised within the 25th 
to the 57th degree of latitude, although, as is well known, modifications of the system 
are applied in much higher latitudes. In the southern hemisphere, the zone adajffed 
for irrigation may be regarded as being of about an equal breadth. 

The irrigable region of the northern hemisphere may he separated into four sub- 
divisions, founded upon the class of produce which characterizes them. The first 
would he the zone in which rice is cultivated ; 

The second, that in which the olive is raised ; 

The third, that in which the vine is raised ; 

The fourth, that in which wheat is the staple produce. 

like the zones adapted for irrigation, the subdivisions are not to be considered as 
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defined by any regular line ; for the greater or less proximity to the ocean, the greater 
or less number of mountains in any of them, and the relative general dip of the sur- 
face, alter singularly the warmth or the moisture of any particular place. 

In the neighbourhood of towns, in all the subdivisions, the production of garden 
vegetables gives rise to a peculiar kind of cultivation, which requires the application 
of water every day. The instances where this is effected by irrigation, properly 
so called, are very few, and the means usually employed are to raise the water requi- 
site from deep wells by the simplest machinery possible. Some of these will he 
described in the subsequent parts, of this article. 

Reversing the order of the subdivisions, to consider the kind of produce most likely 
to be benefited by irrigation, it is to be observed, that unquestionably the greatest 
advantage to be derived from it is in the fourth zone and in the application to water 
meadows such as may be called * naturaU 

Artificial meadows also gain by it, and to such an extent, that it is asserted that in 
Spain and in the South of France the lucerne will yield as many as eight or nine crops 
in the year. In the North, there appears very little reason to doubt but that an extra 
crop might be obtained from this grass, or that the yield might he increased one- 
quarter. The sainfoin also gains by irrigation, but as it is a hardy plant and grows 
tolerably in very dry situations, it is more particularly reserved for drier positions. 
It is a received axiom, however, amongst continental farmers, that the most beneficial 
application of irrigation is to natural meadows, and the practice of our own farmers in 
this is precisely similar. 

Occasionally, in the most northern subdivision, it would he desirable to be able to 
irrigate corn lands, as in the year 1846. The expense, however, would always be too 
great for the benefit to be derived. 

It may be as well to observe that by the terra * natural meadows’ is meant such 
as have a vegetation of which the graminem form the base; the phloeum pratense, 
lolium perennne, festuca sylvatica, poa pratensis, &c. The term * artificial meadows ’ 
implies such as have a vegetation composed of the leguminosse; the medicago sativa, 
trifolium pratense, vicia sativa, &c. ; all of which latter class are sown regularly every 
year. 

The waters used for the purpose of irrigation are not equal in quality, and care 
must be taken in their selection. Those which flow from forests, peat mosses, or 
such as contain large quantities of the oxide of iron, are hut little adapted to such 
uses, even if the two latter may not be considered positively injurious. As a general 
rule, those waters are the best which have been the longest exposed to the air, or in 
the proportion in which they have traversed fertile lands able to communicate some 
of their properties. It is on this account that the waters flowing through towns or 
villages are the most desirable. Streams which rise from the granitic or primary 
rocks are always more advantageous than those from the secondary formations. It 
would appear also, that they hold in suspension a considerable quantity of potass; 
and this substance is in the greater number of cases required to correct the nature of 
the soil of the alluvial valleys. The waters from the secondary limestones develop 
the growth of the carex, and of some of the poorer gramineae, precisely in the pro- 
portion to which they are able to hold in suspension or solution the salts of lime. 
Rocks of the argillo-calcareous character, or marls, yield springs of an intermediate 
character. But it must be always borne in mind, that the condition to he fulfilled by 
any water for irrigation being to correct the deficiencies of the soil traversed, it may 
frequently happen that calcareous waters may be the most adapted to improve 
the argillaceous formations to be met with in some of the primary districts. 

Sea-water mixed with fresh, or the brackish water of embouchures, is highly fitted 
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for irrigation; and cattle are known to eat the grass grown in salt marshes with 
remarkable avidity* It may, however, be stated generally, that a very simple 
criterion of the quality or adaptation of water to the purposes of irrigation may be 
found in the vegetation of the natural channel. If it be covered with a luxuriant 
vigorous herbage, and of a good quality, the water of the stream may be safely pro- 
nounced to be adapted for the proposed use. 

The description of soil which derives the greatest benefit firom irrigation is that 
which is the most peimeable, and which is the most easily warmed. Compact, 
clayey lands, on the contrary, gain the least, because they absorb with greater 
difficulty the heat necessary to insure that the water should produce the greatest 
effect- Moreover, as such lands are very retentive, the water they hold produces a 
very injurious effect by cooling the ground when evaporation takes place. In this 
kind of soil then it is necessary to let the water on at intervals of some distance, 
according to the temperature of the season. In all these general remarks upon soils, 
it is to be observed, that although the word * soiP only has been used, yet in fact the 
subsoil is far more important even than the superficial soil, and that they only apply 
to the former invariably. Indeed, if a stratum of clay be found upon a bed of gravel, it 
may be irrigated as fully as a lighter soil, whilst a sandy stratum upon an imperme- 
able bed must receive the smaller quantity of water. 

As to peaty lands in a dry situation, MM. De Girardin and Du Breuil state, that 
they require frequent irrigations, but so an-auged that the waters should not remain 
long upon them. The water must be turned on in large masses, and made to circulate 
with great rapidity ; for it has been found that the peat in such cases parted with a 
great portion of the acid and astringent properties it contained. 

The epoch during which irrigation is most profitably employed depends to a certain 
extent upon the object it is desired to effect. In the first, second, and third zones, 
this is principally to develop the progress of vegetation by lowering the excessive 
heat of the soil, and to obviate the inconvenience of drought. In these cases, 
evidently the operation should be performed in summer. In the third and fourth 
zones, however, water is often turned over meadows for the express purpose of pro- 
tecting them from frost, and consequently should be applied in the winter. But in 
all, if it be desired to secure the deposit brought down by the streams, it is advisable 
to irrigate between the end of the autumn and the beginning of spring, for it is at 
this period of the year that the largest quantity of sediment is brought down from 
the upper country. Indeed, if a large quantity of sediment were brought down in 
summer, it would he necessary to shut off the stream, because the impalpable powder 
thus deposited upon the leaves of the plants would render them unfit for cattle. 

In warm weather, the time of day during which irrigation takes place is also to be 
considered. It has usually been observed that there is danger in applying it when the 
heat is the greatest, and that it is preferable to let the waters flow over the ground 
in the morning, or more particularly in the evening. When, however, irrigation is 
principally used as a preservative from frost, it should be applied during the 
whole day. 

Very little is known with respect to the precise quantity of water necessary to 
irrigate a definite surface. Indeed, it must he difficult to arrive at any very precise 
notions upon this question, because the nature of the soil and of the subsoil, as well as 
the hygrometric conditions of the atmosphere, influence its solution. From observa- 
tions made in the South of France by Nadault de Buffon, however, it appears that an 
acre of meadow land requires about 1200 cubic feet per day, during the season 
for irrigation. In more northerly situations it would certainly not be necessary to 
employ more than half of this quantity, even upon tolerably light lands. 




WATER MEADOWSj OR IRRIGATION. 


679 


There are certain primary conditions requisite to the establishment of a good 
system of irrigation, which may be briefly stated to consist in the facility for securing 
a constant supply of water, and such a configuration of the soil as to secure a regular 
current over it, and a perfect discharge for the water after it shall have performed its 
duty.- ' ■ ■■ ■ , ' ■ 

When the irrigation is to be ejffected by a running stream, to which the proprietor 
of the land has an undisputed right, so long as it is vrithin his possessions, the 
deviation of the water may be effected either by a dyke or dam across the whole 
width of the stream, a fig. 1, or a portion only may he diverted by means of a 
spur, c d, fig. 2, or finally the transverse dyke may be made with a hatch so as 
to regulate the flow. A transverse dam across the whole stream is, wherever 
possible, the most desirable, because it enables the water to be penned hack, and thus 
to be poured upon higher parts of the land : should this mode of raising the level of 


Fig. 1. Fig. 2. 



Bam crossing the whole stream. Bam diverting a portion of stream. 


the water be adopted, care must be taken to prevent the flooding of upper lauds 
belonging to other parties, and it must be borne in mind that the top water-line 
of an intercepted stream is never horizontal, but that it assumes a hyperbolic curve, 
joining the natural declivity at a distance varying vrith the inclination of the bed. 
If these means should not be sufficient to pour the waters over all the meadows, 
it will be necessary to employ mechanical means. {See ‘River Navigation,' section i.) 

When the stream is of small volume, it is often found that the infiltration and 
evaporation from the leading channels so diminish its yield as to leave hardly 
any water for the lower or remote portions. This may be remedied by the con- 
struction of reservoirs in which the water is allowed to accumulate, and from which 
it is distributed in flushes. 

The construction of artificial reservoirs also furnishes the means of irrigating 
districts in which no natural water-course exists. By throvring a dam across the 
narrow gorge of a deep valley, in the manner frequently employed for canal 
reservoirs, it is easy to retain the rains falling in superabundance during the winter 
months, which are subsequently poured upon the lands in summer, Tor the mere 
purpose of irrigation, these reservoirs do not require to be constructed with the per- 
fection necessary for canals. They may be made with a transverse dam of earth, if it 
he of a nature to resist infiltrations, and the outside either covered with turf or dry 
pitching. The crown of such a dam should have a width equal to half its height, 
and the base should he at least three times the height ; the batter should be on the 
inside, towards the water, and formed in steps ; it would also he preferable to make 
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tiie dam convex to the inside. The top should be about two feet above the highest 
water-line, and two sluices are to be placed at the bottom, one for drawing off the 
water, the other for cleansing the bottom of the reservoir. The reader is referred to 
the article upon River Navigation, section * canal,’ for the details of the other precau- 
tions to be observed in the execution of these works, which might be made to render 
immense service to agriculture. 

In Piedmont many such irrigation reservoirs have been formed; in Spain the 
Arabs constructed several very large ones,— amongst which, that near Alicante may be 
particularly cited. In the Jura, and the department de PAin, in Switzerland, Hun- 
gary, and the Tyrol, the practice is sufSciently common, but in our own country it 
can hardly be said to have been tried unless upon the Duke of Portland’s estate. 
The average proportions of the reservoirs in Piedmont seem to be such as to require 
a water surface of 1 acre to every 1|- acre irrigated, with a depth of about 1 yard 
to every 2 acres of water. Evidently, however, it is desirable that the depth be as 
great as possible. 

The dimensions to be given to reservoirs must be influenced by the nature of the 
soil to be irrigated and the crop to be raised, far more than by any general rule ; 
the climate of the district in which they are to be constructed must also be taken into 
account. We have seen that in the South of Prance 1200 cubic feet per acre per day 
are required ; hut if the soil be very permeable, and it should he impossible to make the 
water serve two or three times, much more would be required. Again, in the same 
region it is sufficient to irrigate five or six times after the first crop is carried, 
to secure a second, and an aftermath ; but to calculate that a reservoir able to furnish 
from 6000 to 7000 cubic feet per acre would be sufficient, would lead to serious dis- 
appointment. Por in this case the winter irrigation would not be taken into account, 
and probably it is more important than that during the summer months. If the 
reservoirs be well constructed, it is true that the excess of the heavy winter rains, and 
the greater volume of land springs, may effect this object; but it is far too important 
to be left out of consideration, and if the locality do not contain any natural resources 
for the supply of this particular branch of irrigation, the capacity of the reservoirs 
must be doubled. In many positions the heavy summer rains allow the reservoirs to 
be refilled several times ; but experience has demonstrated that it is not prudent to 
calculate on this resource, and that it is advisable to make the reservoirs sufficiently 
large to insure their being filled in the months from September to December 
included, to contain all that can arrive in them during that period, and to use the 
waste water for the winter irrigation. The precise quantity cited above is, however, 
only to he taken as applicable to the locality named ; as was before said, in our more 
northerly climate, in all probability it w-ould not be necessary to use more than one- 
half the water required to insure the perfect irrigation of the meadows in Italy or 
Southern France. 

The remaining details of the application of a system of irrigation must depend 
necessarily upon the greater or less proximity of the supply,' and of the local facilities 
for its application. The first condition to be attained is that the waters spread over 
any surface should be able to flow away easily, and not to lodge in the lower portions ; 
for directly it becomes stagnant, it develops the growth of noxious plants. Prom 
this arises the necessity for previously arranging the levels of the land to be irri- 
gated, so as to attain the following conditions ; 1st, the waters must arrive by the 
culminating points ; 2nd, they must be distributed over the lower portions falling 
away from these points ; 3rd, they must he collected in the outfall drains immedi- 
ately they shall have passed over the land to he irrigated. 

The-wrrangcmcnt of the surface of any land, in order to obtain these results, differs 
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has at its culminating points, a a, a channel for the purpose of distributing the water, 
and a drain at the lower points, b b, to receive and carry off the waters after they shall 
have produced their effect. The rate of inclination of these planes varies between 
1 in 1000 to 1 in 100, according to the nature of the ground. In light and absorbent 
soils it requires to be slight, in order that the water may remain long upon them, 
and that it may not scour the ground ; in compact heavy lands, on the contrary, the 
inclination ought to be greater. 

The width of the planes is also regulated by the nature of the soil ; the more com- 
pact this is the wider the planes ought to be made, because the water can flow over a 
greater surface without being absorbed. In light and very absorbent soils the 
planes ought to be narrower : the width in the first instance may be about 130 feet, 
whilst in the second it may be necessary to confine it to about 26 feet. 

In all cases in which it is necessary to execute any earth-works in order to give the 
requisite form to the ground, it will be advisable to remove the turf in regular layers; 
when the works shall have been completed, this win be replaced, and carefully beaten 
down upon the soil, for the purpose of obtaining more rapidly a surface covered with 
grass of a good quality. 

The main conductor receives the waters directly from the river, and conveys them 
to the feeders^ which are usually placed at right angles to it, and which serve to dis- 
tribute them over the surface of the meadow. This course is necessary, because if 
the feeders derived their supply directly from the river, and the volume of the latter 
were considerable, in the first place it would be difiicult to regulate the flow, and in 
the second, if the stream should rise rapidly, it might hollow the land to a very serious 
extent. Evidently, if the river he small, there can be no reason why the feeders 
should not be formed upon it. 

The main conductor takes its origin above the weir placed across the stream, and 
should he so directed as to convey the water to all parts of the land to he irrigated, 
and its banks should he made a little higher than the surrounding land, so as to insure 
a flow of water towards the latter, without its spreading irregularly over the sides. 


according to the natural configuration of the ground, which is found to be the most 
advantageous when there exists a natural declivity over the whole surface. In such 
cases as those represented below , nothing is required hut to level the ground by filling 
up the lower points, a a, by means of the earth removed from the upper points, 
BB, so as to secure a perfectly even surface in the direction of the line cd. When the 
land is horizontal, it hecomes necessary to create artificial inclinations similar to those 
mentioned, in order to facilitate the discharge of the water; and with this view a series 
of inclined planes are formed, beginning from the point where the water enters the 
field. The earth is removed from the lower parts of these depressions, and heaped 
up in the centre, so as to insure a double fall from the latter ; each of these planes 
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The feeders should, as far as possible, he arranged perpendicularly to the general incli- 
nation of the ground, as is represented in figs. 5 and 6, by the line e d. In some eases 
it is necessary to form secondary feeders, in order to distribute the waters of the 
main feeders OTer the whole surface. These are directed to suit the general inclina- 
tion of the ground, according to the line n e, fig. 6, and are placed at the summit of 
the inclined planes indicated in fig. 4. 


Fig. 6.-~Irrigation by means of a main conductor. 


Fig. o.—Irngation when the water is used twice. 

The inoKnation of the main conductors and of the feeders is nsnally about 1 in 
500, which is sufficient to allow the waters to flow with a proper relooity, without 
injuring the bed. In proportion as the feeders are removed from the source of sup- 
ply they must be diminished in dimension, in order that the waters may retain their 
initial velocity. It is usual to confine the length of the feeders to about 70 feet, and 
when the surface to be irrigated eiceeds that width, to construct secondary conduc- 
tors; for the waters do not circulate with sufficient velocity when the length is 
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greater tKaa that above stated. The water which has flowed over the upper portion 
is collected in this case in the secondary channel, and made to irrigate a double por- 
tion of land. 

^ ' , Tiff. 8* , 


Irrigation when the eurface of the land is with irregular inclinations. 

In England, the process of irrigation generally takes place after the month of Octo- 
ber, when the aftermath has been carried. The water is first kept upon the ground 
for a fortnight or three weeks at a time ; it is then let off, and the ground left dry for 
five or six days ; and this process of alternately flooding and drying is continued until 
the end of January, care being taken to let the water off if a hard frost intervene. 
As the spring advances and the grasses shoot forth, the periods of watering are short- 
ened, so that the flooding shall not last more than four or five days consecutively. In 
the southern counties of England, the meadows are ready for the reception of stock of 
all kinds in the middle of March ; hut more towards the north, where the grasses do 
not make such early progress, the flooding is generally continued through the whole 
month of May : after this it is discontinued for the season, and one or more crops of 
hay are produced. Flooding during the months of summer produces a rapid and rich 
vegetation ; hut it is by summer flooding, where it is practised, that the fatal disease 
of rot is introduced, so that no sheep should ever enter the meadows which have 
been flooded during the summer months. 

It is important that the water he removed from the land as rapidly as possible after 
the irrigation has been terminated. This removal of the surplus constitutes, in fact, 
the difference between water meadows and marshes, and too much attention cannot 
he paid to its attainment. 

To shut out the waters from the conducting channels and the feeders when 
the flooding is suspended, or to raise them to such an extent as to cause them to 
flow over portions of the fields they could not reach naturally, hatches or sluices are 
used. 

The most important of these is the hatch placed at the point where the main 
feeder branches into the stream. "Without this the meadow might be inundated hy 
any unexpected freshet ; if the latter should occur when the crop is in a forward 
state, and if it he charged with matter in suspension, serious injury might arise 
to the crop. Similar hatches must be placed at the outfall, in order to exclude back- 
currents ; but of course these are to he raised when flooding is in operation. It 
is also very useful to place hatches immediately below the points where the secondary 
conductors take their origin, and even occasionally to close the entrances of the 
feeders, either by a moveable dam or by merely placing a few pieces of turf across 
them. 
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Hitherto we have confined our observations upon the practice of irrigation to the 
agricultural region in which wheat is the staple j>rocliice of the zone. The same 
remarks apply to the region of the vine, for in it also the application of irrigation 
can only take place upon meadow lands. In fact, all waters appear to have a 
tendency to develop the leaves of plants rather than the fruits or grain ; and in 
certain seasons of the year the vapour rising from moist land, so far from being 
advantageous, is positively injurious, especially when it is accompanied by sudden 
depressions of the temperature, such as occur in the later summer or the early 
autumn, when the fruit is ripening. In the vine district the rainy season occurs 
during the epoch of the gro\\i;h of the plant when water is necessary for its develop- 
ment, and although unquestionably periods of drought occur during which the wnes 
would be much benefited by a supply of water by artificial means, yet the occasions 
for such supply are so rare, as to render it manifestly absurd to undertake any 
extensive works, or to incur any great outlay for the purpose of effecting it. The 
climate of this region is, however, so dry, that in order to obtain grass or forage, it 
is indispensably necessary to form water meadows. Practically, the general prin- 
ciples stated as regulating these in the fourth agricultural district may he said 
to apply to those in the third. 

With respect to the olive district, or the second, the necessity for watering lands 
intended to produce grass or to feed cattle is even greater than in the third and 
fourth, for the simple reason that the climate is hotter and drier. In this zone, 
however, irrigation has been from time immemorial applied to the gardens and 
pleasure-grounds in all positions to which it could be conveyed. The dry, clear, 
burning atmosphere has rendered artificial irrigation not only a necessity for the 
plants, but also a source of luxurious enjoyment to man. In such countries, wherever 
water can be applied, the vegetation assumes a degree of surpassing vigour under the 
combined action of heat and moisture. All beyond the line of irrigation is a mere 
barren desert, the more frightful from the contrast to the watered lands. The valleys 
of Damascus, Grenada, Hieres, and others situated like them at the base of snow- 
capped mountains, are known as widely as truth or fiction can spread the tale of their 
marvellous beauty and fertility. However, confining ourselves to the mere practical 
question, the same general principles with respect to procuring water apply in this 
zone which apply in the others, excepting that instead of being allowed to flow over 
the surface as in the case of water meadows, or of rice grounds, to he hereafter 
described, it is confined in regular channels, and produces its effect by infiltration 
through the light sandy soils prevailing in these regions. The remark made above 
as to the tendency of an excess of water to develop beyond its proper limits 
the leafy parts of plants, is even more true in the olive region than in the others, 
because the excessive heat of the climate increases the activity of the vegetative 
principle. 

The main difference to be observed in the irrigation of this particular district from 
the system employed upon the water meadows of the two previously mentioned, is that 
the former takes place principally by infiltration, whilst the latter acts by flooding the 
land, and consequently that the water-courses of the former are obliged to be kept 
constantly full. Such a process could only he successfully carried out upon the hanks 
of a running stream, fed by what we may call perennial sources. Reservoirs could be 
of very little use in such positions, for the evident reason that they could not be made 
of sufficient capacity to allow of a regular and copious distribution during a length- 
ened period of drought. Tiie character of the husbandry of such districts naturally 
takes its principal characteristics from these circumstances ; and we find that meadow 
lands are rare, whilst gardens and orchards are common. In the latitudes comprised 
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within the zone under consideration, the Indian corn appears to be the most adapted 
to supply the place of the grains produced more northerly. 

The last of the regions to which irrigation is applied has been already described as 
that producing rice, which is cultivated to a considerable extent in Southern Europe, 
Asia, Africa, and America, below the 46th degree of latitude. The rice is essentially 
an aquatic plant, and requires to be constantly immersed in order to perfect its 
development. It appears that the quality of the land upon which it is raised is a 
matter of but little importance comparatively with that of the waters ; and that the 
latter is by so much the better as it is charged with the greater quantity of extra- 
neous matter. River and pond w^aters are the most advantageous ; that of springs is 
the worst, because the purest and coldest, and it should not therefore be employed 
without being exposed in shallow reservoirs and mixed with animal manure. It is 
usually calculated that it requires about 1 foot cube of water per minute per acre to 
maintain a proper stream over rice land of a tolerably permeable nature. 

In rice countries the cultivation is either permanent, or it performs part of a 
rotation. In the first case the land must he marshy, either from, the w^ant of outfall 
or from the springs rising in it. In the second case a species of artificial irrigation 
is requisite for every crop of rice to be raised. 

Whatever be the nature of the ground to be converted into rice lands, the first 
condition requisite is that the water be preserved continually in movement, and that 
all brought upon it be removed. A series of plane surfaces must thus be formed, so 
that no part be allowed to remain dry, and that the water be not allowed to stagnate 
in any part. The whole surface must therefore be levelled ; and if it be too exten- 
sive for only one such surface, it may be divided into two or more, provided that each 
of them be perfectly horizontal. The land is then ploughed, and the retaining 
banks are formed; of these there are two sorts, — firstly, the longitudinal ones, or 
those in the direction of the stream, which are intended to last as long as the field is 
laid down in rice? and secondly, the transverse ones, which intercept the direction of 
the current in an angular direction, so that when these banks are completed the rice- 
field is divided into a series of polygons. The size of these polygons is principally 
regulated by the difference of the levels of the planes of the respective parts of the 
field. In those which have much inclination they are numerous, in order to econo- 
mize the labour of disposing them in horizontal planes. Moreover, their dimensions 
are limited by the consideration that the larger they are, the greater probability there 
is that the wind may tear up the young plants when they only hold by a small root. 
The quantity of water disposable is also another consideration ; and lastly, it must 
be borne in mind that the increased number of banks occupies a considerable surface 
of valuable land. 

It is usual to make the banks about 6 inches above the ground on the upper side, 
and about 2 feet on the under ; the width is never less than 6 inches at the crown, 
but as the top of the banks often serves for a road as well as for the particular object 
of their formation, this may vary indefinitely. They are made with the earth taken 
from the lower parts of the field. 

When the banks are terminated, as indicated in the following diagram, the 
water is let into the first division, and allowed to rise about 5 inches all over the 
surface. Some openings are then made in the lower banks, and the water is suc- 
cessively let into all of them ; so that the rice ground becomes converted', in fact, 
into a succession of small ponds, separated by the hanks. This preliminary indica- 
tion serves also to verify the levels of the surface, — all the portions left dry requiring 
to be low^ered. 

It does not enter into our province to describe more fully the mode of cultivating 
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maturity, or the violence of the wind. It is therefore necessary to dispose the 
irrigation upon such principles as to be able to regulate its flow and to shut it off 
occasionally. After the crop has been carried, all the water is withdrawn, and the 
land is left exposed to the action of the atmosphere throughout the winter, and until 
the spring. 

In many localities, both in England and abroad, a peculiar system of irrigation is 
practised, which consists in allowing waters highly charged with sediment to flow 
over the land and to deposit tranquilly the matters they contain. This system is 
known in our own country by the name of * warping,’ and it is principally employed 
upon the banks of the Humber : on the Continent it prevails to some extent in Holland 
and North Germany. 

To resume, then, the different systems of irrigation, so far at least as they may be 
described in a general and comprehensive manner, they may be said to consist of — 

1. Irrigation by level channels; in which the land is disposed so as to have a 
regular fall, and the water is conducted by means of level channels so as to distribute 
the water evenly over the surface in a thin uniform sheet. 

2. Irrigation by feeders ; in which the conductors lead the waters over the whole 
surface, but with less regularity, owing to the configuration of the soil requiring that 
their direction and inclination be modified. 

3. Irrigation by stages ; in which the ground is laid out in a succession of level 
planes, over which the water is consecutively distributed. 

4. Irrigation by flooding ; in w^hich the water is let upon the land without any 
previous levelling of the surface, and in which great inequalities are allowed to exist 
in the depth of the water and its rate of flow. 

5. Irrigation by infiltration ; in which the water is allowed to permeate the land 
through the banks of the channels or the ponds in which it is confined. 

6. Irrigation by rain-waters stored either in reservoirs at the gorges of valleys, or in 
channels so constructed upon a hill-side as to retain the winter rains. 

Irrigation for the purpose of retaining the matters in suspension in the waters. 


rice, further than to say, that during the whole duration of its growth it is subject to 
irrigation by flooding, in a manner varying with the health of the plant, the degree of 
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Description of the Works required ia carry out a system of Irrigation, 

There are few branches of Engineering which require more skill than the one under 
I consideration, especially in countries where water is valuable. 

Of the different kinds of channels necessary to carry out a system of irrigation our 
attention may be confined to the following ; 

I 1. The leading channel, or conductor*, 

t 2. The secondary channels j 

1 3. The feeders ; 

I 4. The discharging channels ; and 

5. The channels used for irrigation and navigation, 

1. The leading channels are placed directly upon the banks of a stream or a river 
with which they communicate by means of wo-rks whose nature depends upon the 
character of the source and the quantity of land to be irrigated. They usually 
consist of two distinct parts, one lying between the point of junction and the first 
point to be irrigated ; the second comprises the remaining part of the conductor 
with all its ramifications. The first part only serves as a leading channel, and 
inasmuch as it does not give off any water laterally, it retains an uniform depth and 
section. The second part, containing numerous branches, has a width varying suc- 

; cessively according to the consumption of water by the subsidiary channels. Great 

care is requisite in settling the conditions of this main conductor, especially when the 
volume of the river is likely to be affected by droughts, in order to secure an efiident 
supply in such seasons. 

2. The secondary channels bear the same relation to the main channel which this 
does to the river from which the supply is derived, and they should be formed upon 
the higher portions of the land to be irrigated. Their use is principally to distribute 
the waters over the remoter portions of the district. 

3. The feeders are principally designed for the purpose of distributing the waters 

I brought down by the channels, previously described, over the whole surface of the 

stages or planes. 

I 4. The discharging channels are formed in the lower parts of the land to be 

irrigated, for the purpose of receiving the waters after they have flown over the land, 
and to receive the quantity which may be in excess of that required for the particular 
object of the irrigation. 

5. The channels, or perhaps, more correctly speaking, the canals used simulta- 
neously for irrigation and navigation might he rendered a source of immense increase 
to the national wealth in many cases, by employing the water to the greatest possible 
extent; and, as it might also be made to serve as a motive power, it might thus he 
rendered triply productive. The essential difference between this class of canal and 
the ordinary navigable ones consists in the form of the locks, which, in addition to 
the usual chamber for the passage of the boats, have a sluice so arranged as to supply 
^ for the purposes of irrigation the quantity of water required without interfering with 

i the movement of the navigation. The flow of the water over these sluices is some- 

times employed also as a motive power, in which cases the tail bays require to be so 
placed as to allow the water to return into the main channel. 

One of the most remarkable instances of the adaptation of an artificial water-course 
to the three uses of navigation, irrigation, and mill-work, is to be found in the canal 
! of Pavia. In the upper portions the rate of flow is somewhat great, yet the up-trafl5c 

from Milan to Pavia is effected at the rate of rather more than three leagues 
(8| miles) per hour. The only defect which appears to exist in this canal arises from 
f its having been formed in a stratum of permeable gravel, and that serious filtrations 
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take place. Nevertlxeless, this caual^ with an average volume of 245 to 250 feet 
cubic per second, serves to support a very active navigation, to irrigate a large district, 
and to drive numerous mills; whilst many natural rivers of much greater volume, 
owing to the irregularities of their beds, are not capable of supplying either of these 
sources of employment. 

The first operation to be performed before commencing any large work of irrigation 
is to ascertain whether the land is near a water-course with considerable fall, and 
retaining in summer a sufficient discharge to insure the constant supply of the 
quantity required: secondly, to ascertain whether a sufficiently large surface of level, 
or nearly level, land exist, which, however, must combine such conditions of trans- 
verse section as to allow the water to he removed freely after it shall have performed 
its functions, without its being necessary to execute any verj^ expensive works. The 
extent of the surface thus to be irrigated is indeed one of the most important con- 
siderations, because upon it will depend the dimensions to be given to the channel 
and the conditions of supply from the stream. The most favourable region for the 
establishment of irrigations appears to be near the feet of mountain chains, where 
the inclination and the supply are constant. 

■When these conditions are ascertained to be satisfactorily solved, it would be 
advisable, if possible, to take a contour map of the district, or at least to run as many 
longitudinal and transverse sections as possible. Upon the map so laid down the system 
is to be arranged, — observing that, in so far as the direction of the main channel is 
concerned, the shortest line is to be preferred, unless the expense of the earth-works, 
bridges, maintenance, &c. be such as to justify a deviation. If, however, the source 
of supply be in a river whose summer level is exposed to variations, it may frequently 
happen that it would be desirable to give considerable length to the conductor, for 
the purpose of insuring a regular supply. As soon as the principal directions of the 
important works are thus settled, the ground must be levelled in the direction of the 
main axis, and a sufficient number of cross sections must be taken to allow of its being 
afterwards diverted, should such a course be found necessary. 

Inclinations ^ — ^In stating, as we did above, that the inclination of the conductor and 
feeders should be about 1 in 500, it must be understood that the rule only bolds good 
in the region then under notice. The question of inclination is really a very compli- 
cated one, and far removed from these simple appreciations. 

Tor instance, in navigable canals the difference of level between the extreme points 
is for the most part overcome by locks ; and as the lock-chambers, under any circum- 
stances, are filled by the water flowing through the sluices under a heavy pressure, 
a fall between a set of locks would only impede the ascending navigation vrithout 
producing any good result. A fall of from 10 to 12 in 10,000 is then the extreme 
of all that should admitted in such works. In the main conductors for a system of 
irrigation tins ride requires to be modified, for as the land must receive a certain defi- 
nite quantity, the fad and dimensions of the canal must be modified accordingly. 
The maintenance of the hanks of the canal is most favourably effected when the rate 
of flow is moderate ; and, as a further general remark, we may observe, that if the 
water be intended to be used as a motive power, there exists an additional reason for 
rendering the fall as slight as possible between separate portions of the course, and 
overcoming the difference between the extreme points by means of mill-dams. 
There is, however, a limit in this direction, beyond which it becomes dangerous to 
diminish the rate of inclination ; for should the river from which the supply is derived 
bring down much matter in suspension, a canal with a feeble inclination would 
be exposed to become silted up very rapidly. All these conditions again may he 
modified by the nature of the strata traversed ; for if they he of a description to 
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retard tlie flow of the water, they may ftequently require that the incliaatioa 
he augmented. 

In most countries certain rules prevail in these matters, which appear to be 
founded upon local experience without much reference to logical principles. 
Titruvius recommends that in water-courses an inclination of about 55 in 10,000 be 
given. Scamozzi and Alberti indicate one-half the above as being the best ; whilst 
in the sixteenth and seventeenth centuries the hydraulic en^neers of Lombardy 


adopted inclinations varying from 




: at the present day the inclinations 


given in that country are even less than those last cited, for the waters are usually 
sufficiently clear to obviate any danger upon the score of the silting up of the chan- 
nels. In mountainous countries, again, we find that the inclinations are greater than 
in plains, because in such cases there is less occasion to economize the water. 

The following are the inclinations of some of the principal canals either for irrigation, 
or for navigation combined with irrigation, in France and Italy : 

In the upper valleys of the Alps, Switzerland, Savoy, Tyrol, the 
Dauphine, and in the valleys of the Pyrenees . . , . . ^ 

Average inclination in the Isere, Drome, &c. . , . , . 

Canal des Alpines (ancient southern branch) . . . . . 

Do. do. (modern northern branch) . . . . . 

Do. de Marseille, modern, varying from . . xiferr rrW 

Canale di Caluso, in the province of Ivxde, in Piedmont . . . 

Do, of the Sessia, left hank . . . . , . . . , tsVtt 

Do. of the Ticino, right hank . , . . . ... 

Modern canals executed by individuals . . . . . . 

Canak for Irrigation and Navigation* 

Naviglio Grande, Milan . . . . . . . No. 1, 

Do. do. do.. . . . . . . . No. 2. 

Do. do. do. . . . . . . . . No. 3. 

Canale di Berguado . , . . . . . . , • TffW 

Do. diPavia . . . . . . . . . . . 

Do. della Martesana , . . . . , . . . 

Do. della Muzza . * . . . . . . . . . 

Private Canals recently executed, from . . . . Wtsn- 

It appears from this, that in mountainous countries hardly any limit can be said 
to exist for the inclination of the irrigation channels; but when it exceeds the 
fall must be regulated by a series of cascades or dams, for there are very few soils able 
to resist the denuding action of currents running with the 'velocity of such streams. 
The inclination which appears to he the most adapted to the waters of La Provence, 
containing much matter in suspension, ranges between Ynferr Tromr* 
on the other hand, where the waters are comparatively clear, the inclination given to 
the modern works of this nature is considerably less than that formerly judged to be 
indispensable. 

We may assume in practice, that in mountainous districts the inclination should 
be about ; that in plains, the channels exclusively devoted to the purposes of 
irrigation should be from to "whilst if they he designed for navigation as 
well as irrigation the limits must range from about to In the latter 

description of canals, the determining reason for the rate of inclination will often be 
found in the direction of the traffic. If it be in the direction of the stream, there 
may be no objection to adopting even so great an inclination as whilst if it be 
upwards or against the stream, the rate of fall must never exceed from to 
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at the utmost. Even the more favourable of these is, however, of a nature to cause 
an obstruction to the navigation. 

The subsidiary channels and feeders may have rates of inclination greater than 
those cited above, because, their object being to distribute the water over the ground, 
it is necessary that they be arranged so as to allow of its flowing off as rapidly as 
would be consistent with the condition of not furrowing the subsoil. In the opera- 
tion of * warping,^ however, the leading channels must be made with a very rapid 
inclination. In this case it is desirable to lead the waters containing matter in suspen- 
sion upon low-lands, so that the deposit may take place upon them. 

Section of Feeder . — From the considerations alluded to in the former part of this 
article, it must be evident that the dimensions of the feeders must be regulated by an 
infinite variety of circumstances, either arising from the general inclination of the 
ground, o-r from the nature of the soil to be irrigated. Stated in general terms, how- 
ever, the problem to be solved may be thus expressed — “ Given the quantity of 
water to be supplied, and the rate of inclination, to determine the section. 

The French and Italian Engineers have invariably adopted Eytelwein^s formula, to 
ascertain this section, which is as follows : 


D cos. <p : 


: 0*00717 ~ + 0*000024 w; 
2 ? 


D representing the product of the section of the water-course by the wet contour ; 
cos. <l>j the cosine of the angle formed by the inclination of the bed from the 
vertical; 

the accelerating force of gravity ; 
the mean velocity. 

This formula will suffice for almost all the cases which can arise in practice ; for 
although in it the width only is sought, yet as in most cases the height is given, the 
width is in fact the only unknown element. We may in some cases substitute the 

expressions D ~ ^ h which h — the height,* and <a?, the width sought ; and 

Q . ' ■ " ■ . ■ 

« — in which Q ~ the volume to be discharged. 

The formula becomes after these substitutions, and, as in the preceding case, sup- 
posing the movement to be uniform, 


Cos. 






16 }Q 




«Q2 


-4iQ= 0, 


’ \2gh'^ ’ h / gh 

a — 0*00717, and I = 0*000024 : these are introduced to avoid confusion in writing 
the equation, 

A much more convenient formula is, however, given by Tadini, and adopted by 
Nadault de BufFon. It is, 

0*0004 Q2 — cos. <pP or Q = 50 / A v' A cos, 

In this, the inclination is represented, as before, by cos. (p; I — the mean width of 
the channel ; A « the height ; and Q = the quantity to be discharged per second. 

In arranging the dimensions of the feeder, however, it must not be forgotten, that 
there are numerous causes in operation by which the effective quantity of water distri- 
buted over the land is diminished : amongst the principal may be cited the loss arising 
from evaporation and filtration, and that arising from the defective state of the 
sluices or other works. In the Milanese, where the canals are formed in an nlluvial 
soil, resting upon beds of sand and gravel, and where, from the warmth of the climate, 


' * It is to be observed, that in ail canals intended for the double purpose of irrigation and naviga- 
th* depth is necessarily fixed by the dimensions of the boats employed. 
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the evaporation must be great, the loss from these causes has been ascertained to he 
about 15 per cent. (See article ' River and Inland Navigation.') 

[ In warm climates an additional allowance is required to be made to compensate 

for the extraordinary rapidity with which the aquatic plants increase. Indeed, in Italy, 

»o^whhstauding the legal obligation to cut them twice in the season, it is often found 
i that in the latter parts of the summer, at least half the section of the canal is occu« 

j pied by them. The peculiar growth of the fresh-water algm in long festoons also 

t appears to influence the flow of the water to a greater extent than the space occupied 

* would account for. In Lombardy the augmentation of the section required to obviate 

^ this inconvenience is sometimes as much as from to of the normal section ; hut, 

’ of course, no absolute rule can be assigned. 

In England it is rarely necessary to measure the quantity of water distributed to 
the different landowners, but in warmer climates this becomes a matter of vital im- 
portance in the economical results of irrigation. We shall have occasion to revert to 
this question of gauges, hut in the mean time it may suffice to observe that their esta- 
blishment requires that the minimum height of the channel be fixed at three feet. In 
practice, the Italian engineers make the mean widths of the canals one and a half 
times the depth, unless there be some exceptional conditions in the particular case. 

■ The land springs met with in forming the different channels may very frequently 

become of great importance, and they should therefore be diverted to the purposes 
of irrigation on all occasions upon which they may be found to be of a temperature 
! and of a composition suitable for the purpose. 

The rules above given for the calculation of the dimensions of the feeders are only 
applicable for those portions of the length within which no distribution takes place ; 

I as the smaller distributing channels draw off the water, it must be evident that the 

; dimensions of the main channel should decrease. 

When the main channel is designed for the purposes of navigation conjointly with 
irrigation, the section must be modified so as to insure the volume of water necessary 
I for the two services : in such cases it is indispensable to provide a sufficient quantity 

to compensate for the lockage, in addition to that distributed upon the land, and this 
quantity vrill he ascertained in the manner employed in similar calculations for canals. 

' The Naviglio Grande, and the Martesana, in the Milanese, present a peculiar arrange- 

ment, which, however, may often recur, viz. the canals terminate in a basin which 
! receives the lockage water of the upper reaches, and the distribution for irrigation and 

for mills takes place from the basin. Evidently, in these cases, the section of theirri- 
, gation channel is to be calculated as has been already described. 

The discharging channels perform a part in the irrigation of a district precisely the 
reverse to that of the feeders, and their sections must therefore he also precisely in a 
different proportion. 

Other CondiUom.-—-lTX setting out the main channels, it is important to make the 
radius of curvature of the changes of direction as large as possible, to avoid any inter- 
ference with the discharge, or any destructive action upon the banks. It should never 
‘ be less than from 100 to 150 yards in the most unfavourable positions. 

The height of the banks above the water-line need not necessarily he more than 
from six to eight inches when the supply is constant. The rapid growth of aquatic 
plants, how^ever, renders it advisable to augment this dimension to about from 16 to 
18 inches. When the canal is also to he navigated, it is advisable to increase this 
height, in order to guard against the wave of displacement occasioned by the boat. 

, In fixing the slope of the banks, the twofold object of economy in the first instance, 

I and of the minimum outlay for maintenance in the second, is to be observed. When 

' the channel is cut in a hard retentive rock, it must he evident that the proper section 

I 
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is one approaching a rectangle. In any other kind of soil the angle of inclination of the 
banks must vary with the degree of its powers of resistance. 

The reader is referred to the article upon ' River and Inland Navigation’ for the 
other details respecting 'the earth-works connected with canals, which apply equally 
to those for the purpose of irrigation as for navigation. 

y It is advisable to form a pathway on the two sides of the main channel, to allow of 
its being visited, and of the deposition of the mud, &c. withdrawn from the bed at 
the regular periods of cleansing. These should be made with a width of from 2 to 3 
feet. The operation of cleansing, to which we have alluded, is not one of great im- 
portance in England,~at least comparatively ; hut in Southern Europe it requires to 
he executed at least twice a year, and during the whole period of its execution it has 
been found advisable to run otf all the water from the channels. It therefore be- 
comes necessary, in similar positions, to construct such lock-gates or sluices as to 
allow of diverting the stream. 

^ iZeifcwm.— When the flood-waters stored in reservoirs are to he employed for 
irrigation, the determination of the dimension of the sluices, and the form of the 
channel, require considerable care. The discharge by any opening is liable to so much 
uncertainty, even when the conditions of the head remain constant, that very little 
reHance can he placed upon the accuracy of the formulae universally adopted to ascer- 
tain it. As the level of the water in a reservoir must necessarily vary, an additional 
and very serious complication is introduced. Without, therefore, pretending to lay 
dovm any absolute rule, it appears that the wisest course to adopt would he to calcu- 
late the dimensions of the opening, upon the supposition of the least possible head, 
because by merely lowering the sluice the opening can be contracted. In many 
cases the self-acting sluices used upon the Greenock Water-works might be advan- 
tageously employed. 

In calculating the quantity dischaiged by an orifice, the usual formula is given by 

Navier as follows;: 

Q =* m S ; 

in which S = the area of orifice ; Q = the quantity; m = the coefficient of contrac- 
tion ; g = the velocity impressed upon a falling body at the end of the fii-st second of 
its fall ; H = the height of head upon the centre of the opening. The value of w, 
for a single sluice, may be taken at 0-625 if near the bottom ; when there are two 
sluices near one another, m becomes == 0-555. The effect of two sluices is perceptible 

when they are even so much as 10 feet apart. 

Should the water in the reservoir arrive with any velocity at the opening, the 
formula becomes 

Q m S ^ 2^11 + ; 

in which w =s the velocity of the water in the reservoir. 

If the outer apening of the sluice he submerged, it becomes 
Q=- wS ^27(11-4); 

in which h = the head upon the outside, supposing the water to have im initial 
velocity : of course, should this exist, it must be taken into account as before. 

_ The construction of the reservoirs themselves has been already ahuded to, and 
indeed it is in an cases predsely analogous to that of canal reservoirs described in the 
article Upon ‘River and Inland Navigation.’ 

In addition to the formulae previously given for the purpose of ascertaining the 
dimensions of the works, the following may he found convenient in practice. Eor 
regular channels, in which the inclination, sectional area, and wet contour can be 
easily ascertained, the volume may he found by the aid of the formula 


I 
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Q = S ( /y^2736 52!^ _ 0 - 0332 ) 

in "whicli the same notation is observed as before, and c = the wet contour in yards. 
In small streams, the most accurate mode of gauging appears to be by creating a 
reach of still water, and allowing it to flow over a notch-board as soon as the velocity 
has been checked. The formula for calculating the quantity becomes 
Q=?%LHv'2^H, 

in which L = the length of the notch; H = the height of the mean level of the 
reservoir above the bottom of the notch ; w is a coefficient which is usually taken at 
0'405. 

To ascertain the velocity of a stream many systems have been employed, but the 
most satisfactory appears to be the hydrometric mill of Wattmann, represented in 
most works on hydraulics. The mean velocity is calculated from the partial velocities 
thus obtained by the formute given in page 231, article * River Navigation.^ 

Gmges.-^ln England, the supply of water, as said before, is usually so copious in 
all the valleys where irrigation is carried into effect, that the quantity distributed to 
any proportion of tbe land ceases to be worthy of calculation. In warmer climates, 
or when the preliminary expense of procuring the water has been considerable, the 
economical value becomes, however, so much enhanced that it is a matter of primary 
importance to ascertain the quantity distributed to tbe respective recipients. There 
are, indeed, few countries so favourably situated as to dispense with these means 
of regulating the distribution ; and it may he taken as an axiom, that in dry climates 
no distribution of irrigation waters should take place without the intervention of a 
complete system of ganging. The question has been most carefully studied by the 
Engineers of Northern Italy; some of the gauges employed by them are described, 
below. 

Their investigations connected with the subject of gauges have led to the esta- 
blishment of some laws of hydrodynamics of the highest interest. Thus, it was. 
ascertained that in a vase divided into two portions by a diaphragm, susceptible of 
being moved vertically and with a discharging orifice on one side, a constant differ- 
ence of level existed; and that this difference was greater in proportion as the 
opening of the diaphragm was less, compared to that of the orifice (see fig, 9). 

If, instead of preserving in the vase a uniform level it were allowed to vary in either 
direction, the corresponding variations upon the two sides of the diaphragm continued 
to he always proportional with the respective differences of level first established. 
That is to say, if the relative heights were originally as 3 to 1, a rise of 30 inches in 
the first vase would only cause a rise of 10 inches in the second. 

This principle is not modified by the introduction of two or more diaphragms, as 
in fig. 1 0. The same ratio is observed between the variations of level and the primi- 
tive heights of the water in the first and last compartment, notwithstanding the 
addition of any number of diaphragms, which, in fact, should only count for one. 


Now, if we suppose that the first portion of the reservoir be a canal and the 
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diaphragm a sluice, and the distributing channel perform the functions of the orifice, 
it may easily be perceived that it is possible, by means of the sluice, to maintain the 

Fig. 11. ■ 



constant head above the orifice which is necessary to insure the regularity of the 
flow. By simply raising or depressing it the requisite conditions are obtained, and 
it would be possible so to construct the sluice that it should be self-regulating. At 
any rate, inasmuch as it is found that the level of the upper reservoir may vary con- 
siderably without seriously affecting that of the intermediate one, for most practical 
purposes, a gauge established upon the above principles, with a sluice moved by hand, 
may be considered as sufficiently accurate. 

The gauge used in the Milanese canals is the most in accordance with the principles 
above stated, and as it were much to be desired that its use should be extended in all 
caseswhere irrigation is employed, Fig. 12. 

a description of it is subjoined. 

The unity adopted in the mea- 
surement of water is called an 
ounce, * Voncia d^acqua^ and is 
the quantity which flows through 
a rectangular orifice 8 inches high 
and 6 inches wide, under a con- 
stant pressure of 4 inches above 
the orifice, as in fig. 12. 

When it is desired to distribute a larger quantity than a single ounce, the width 
only is modified : all the other conditions are carefully maintained, so that the head 
never exceeds 4 inches. The orifices of discharge are formed of stone, which is 
selected of the hardest nature that can be procured ; occasionally also the margin is 
formed of wrought or cast iron. They are cut square, without any bevel, or the 
addition of any funnel capable of facilitating the discharge. There are no prescrip- 
tions with respect to the thickness, which depends necessarily upon the length of the 
orifice ; and this latter consideration also has led to the custom of not making the 
orifices larger than for six ounces each ; when a greater quantity of water is to be 
supplied, the number of the orifices alone is augmented. 

Fig. 13.. v , , 

Orifice for 12 ounces. Orifice for 27 ounces. 


The conductor is formed upon the banks of the canal by means of wing-walls of 
masoniy, and the sill is usually placed at the bottom line. If the ground be suscep- 
tible of being carried away, the portion exposed to the wash of the water is to be 
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paved. The opening a 5, %. 15, of the conductor is made equal in width to the 
orifice of discharge, JO S', but the height is not limited. 

Fig, 14. 


a 











In such canals as have a constant flow, it is usual to place a stop upon the sluice, 
hut in those exposed to variations of volume the stop would be more likely to be 
prejudicial than to be of use. 

The rectangular space c c, d, fig. 15, is made about 20 feet in length, and 10 inches 
on each side wider than the orifice. The bottom is laid with an incline of 16 inches 
in the length, rising towards the orifice, g h. At the level e (in fig. 14) is a 
flooring, placed for the double purpose of preventing the water from rising beyond 
the prescribed height and to control any movement or agitation on its surface. The 
entry of this covered portion of the gauge is formed by a stone lintel, the under-side 
of which is exactly level with the top of the orifice, and consequently 4 inches below 
the surface of the water. As the height of the orifice is always 8 inches, and the 
inclined plane 16 inches, the under-side of this lintel is consequently 2 feet above the 
sill of the sluice. A small space is left between the sluice and the covered chamber, 
for the purpose of verifying whether the requisite head of water exists upon the 
orifice. 

Immediately beyond the orifice is the tail chamber, which is made 4 inches on 
each side wider than the opening; its length is usually 18 feet, and at the further 
extremity its width is made 6 inches on each side wider than at the commencement; 
or, in all, it is 20 inches wider than the orifice. A small drip of 2 inches is formed 
at the commencement of the tail bay, and an inclination of 2 inches is given from 
this to the extremity, jf w or ^ m, figs. 14 and 15. 

Gauges of this desoription require a minimum difference of 8 inches between the 
level of the water in the canal and the constant level of the water in the covered 
chamber. They can, therefore, only be fixed upon canals with a depth of about 
3 feet. In execution, the longitudinal dimensions are not rigorously enforced; but 
the width, and nearly always the inclinations and the relative heights of the openings, 
are executed in exact accordance with those above described. 

The gauge we are considering, although unquestionably the most perfect hitherto 
employed, is still far from fulfilling all the conditions theoretically^required. Thus, 
a notable difference exists in the quantity of water discharged by large^or smaH 
orifices, to the extent that with six orifices of one ounce each the discharge would 
only be, when compared to that from a single orifice of six ounces, as 222 to 282. In 
warm countries the difference would be serious ; and the Piedmontese' and Milanese 
engineers have lately tried to obviate it by prescribing that no orifice be made larger 




ill 




if 




WATBE MEADOWS, OR IRRIGATION. 


than six ounces, or 3 feet in width. The difference in the discharge is easily explained 
hy the difference in the proportion the perimMre bears to the sectional area, which 
evidently is less when the orifice is large than when it is small. 

Sluices and Overflows , — The conditions to be observed in the construction of these 
works are, that they should afford an effectual guarantee against floods, or any 
sudden rise of the water in the channel. They should be as permanently constructed 
as possible, and able to be worked easily. 

In most countries the dimensions of the bottom sluices are arbitrary, and they 
vary from 5 to 7 feet in width in many instances. They are worked either by wheel 
and pinion, by screws, or by long levers working in holes formed on the upright bar 
in the centre of the sluice. In the Milanese provinces, however, the dimensions are 
uniform, and when the height of water does not exceed from 5 to 6 feet, the width 
is never more than 1 foot 10^ inches. Should the depth he greater, the upper 
portion, for a height of from 1 foot to 1 foot 6 inches, is made separately moveable by 
means of two small posts at the back. In this case the upper part of the sluice 
serves as an overflow, and frequently suffices to maintain the water within its 
hanks; but in countries like the neighbourhood of Milan, the use of water is so 
continual, that it rarely happens that this mere superficial overflow can suffice. 

Fig. 16. 
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The sluices used in the Milanese provinces have an upright rod upon -which 
notches are formed ; and the guardian of the canal, or the water-bailiff, carries a short 
lever by means of which he raises up the sluice. Two or three seconds suffice to 
procure an opening which, with the head of water existing upon the upper side, 
produces a very rapid effect upon the water. (See fig. 20.) 

With respect to the fixed overflows little need be said, because they differ in no 
respect from those established upon canals or the leading channels of a mill. It is, 
however, of the utmost importance that such works should be established if the 
source from which the feeder derive its supply be exposed to sudden variations in 
its volume. 


Fig. 20. 



Junctions with the W 2 a 2 » «#re«m.—-Unless there exist some very exceptional cir- 
cumstances ovdng to the torrential nature of the stream, and particularly to the 
instability of the bed, the system usually preferred is to establish a dam across the 
current of considerable length, and placed in an oblique direction. It appears 
advisable, under any circumstances, to provide overflows of sufficient dimensions to 
carry off any flood likely to come down from the up-lands, in order to protect the 
channel formed for the purposes of irrigation. In the junctions constructed of late 
years it is also customary to place lock-gates or sluices, with the double object of 
regulating the quantity of water to be introduced, and of isolating the canal from 
the river during the annual repairs or operations for cleansing the bed. 

The nature of the dam must depend upon local circumstances to such an extent 
that it is impossible to lay down any absolute or invariable rules. In these matters 
local experience will be the best guide? but whether the dam be composed of stone, 
of earth, of wood frame-work, or of fascines, the foundations, and the means of 
protecting them from the tendency to overthrow exerted by the stream, must he the 
most important objects to be considered. The oblique direction of the dams is to he 
accounted for by the necessity for obviating the destructive action of the current as 
economically as possible : for firstly, the shock of the water upon them must he to a 
great extent lessened; and, moreover, as the stream of water flowing over the 
crown must he less than if the whole volume fell over a dam placed directly across 
the stream, not only in its height but in its action, the foundations are less exposed 
to be undermined. If these motives did not exist there would he an evident advan- 
tage in making the dam perpendicular to the direction of the stream. 

Bridges^ Aquedmts^ and Syphons , — These works do not present any distinctive cha- 
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racteristics from those connected with navigable canals, excepting, perhaps, that in 
order to retain all the velocity of the water, the courses require to be made as straight 
as possible : the aqueducts therefore are more often executed on the skew than in 
canals. It may be taken as a rule, that bridges upon irrigation works should be exe- 
cuted in masonry rather than in wood, to avoid the repairs inseparable from the 
latter, especially in such positions. 

With respect to syphons, the principal remark to be made is, that every angle or 
sudden interruption in the line of flow is likely to become a source of diminished 
velocity. Wherever possible, then, cast-iron pipes should be used, because they admit 
of the curves being made more easy, and at the same time this material resists more 
effectually the outward thrust of the water. To combat the latter effort it is often 
necessary to bind together the whole of the materials in the arch or syphon. All 
these works require to be executed with the best materials and in the most perma- 
nent manner. 

Locks , — The locks constructed upon canals for the double purpose of navigation 
and of irrigation, present, as was before said, this peculiarity, that they require, in 
the first place, a chamber of the dimensions necessary for the passage of the boats; 
and in the second, a passage for the purpose of transmitting from the upper to the 
lower chamber the volume of water only. The former do not require any details of 
execution different from locks upon ordinary canals ; the latter are usually regulated 
by means of sluices. 

Generally speaking, the fall in these positions is sufficient to justify the establish- 
ment of water-mills, either to raise the water to a higher level, so as to irrigate a 
wider district, or to perform many of the common farming operations, such as threshing, 
winnowing, &c. In all cases, therefore, where the full benefit of the water power 
is obtained, such works are established. An example from the canal of Pavia is sub- 
joined, although in this case the fall is not used. By the difference in the level of 
the water in the two chambers, and by means of some conduits placed in the side 
walls, the boats are enabled to descend very quickly. 

The principal precaution to be observed in the construction of these conduits 
is, that their foundations he made sufficiently strong to be able to resist the 
current of water passing through them : their direction, whether at right angles or 
obliquely, to the stream, is a matter of no importance, unless the water they discharge 
be likely to interfere with the tail waters of the mill which may be erected near the 
lock. Gates hung upon a vertical axis, a little beyond the centre, and working in a 
frame with a rebate partly upon the upper, partly upon the lower side, appear to be 
the readiest means of closing these sluices. 


Fig. 21. 
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in Lombardy, water is often obtained from wells for the purposes of irrigation* 
The reader is referred to the different authors who ha^e treated upon this subject for 
the principles which must guide the operations for seeking the springs. When these 
are found at a convenient level, their distribution must take place in the same man- 
ner as before. 

Should the level of the water in such wells, or in any natural source from which it 
is proposed to be derived, be considerably below that of the land to be irrigated, it 
becomes necessary to employ axtidcial means of raising it, or to create some method 
of securing the supply by means of reservoirs. Unquestionably- the latter mode 
would be the most -economical, did local circumstances favour their construction, hut 
the configuration of country required is not always to be met with, especially in posi- 
tions where the soil is most adapted for irrigation. To construct a reservoir econo- 
mically it is necessary that a valley should exist, the mouth of which is nearly closed 
by projecting spm*s of the hills. The subsoil must also be of a homogeneous, 
retentive character, and of a nature to allow the construction of the works connected 
with the dams, without any fear of thrir being undermined. These conditions ai*e 
rarely to be met with, excepting in mountainous districts, and these are ordinarily at 
too great distances from the alluvial plains most fitted for the cultivation of gi*ass, or 
leguminous plants, which are those most likely to be benefited by the application of 
water. If, however, it be possible to form a reservoir, even at considerable expense, 
that course should be adopted; because, firstly, that mode of procuring water obviates 
the necessity for constantly providing a motive power, and secondly, the water 
by being stored becomes more fitted for agricultural purposes. Indeed, as the sup- 
plies are derived entirely from rain falling upon the up-lands, the temperature of the 
water must more nearly approach that of the ground, and they must also contain the 
soluble chemical matters the latter may he able to impart. The dangers from infil- 
tration and evaporation attending the use of reservoirs have been already mentioned 
in the article on Inland Navigation, sect. * canals/ 

The formation of an irrigation canal, deriving its supplies from a river at a high 
point in its course, affords the means of applying the process upon the largest and 
most efficient scale, and must necessarily he the method most commonly adopted. 
Tor the upper lands, situated above the flow of the stream, the choice of the mode of 
raising the water must be regulated by local circumstances, not only of position, but 
of use. Thus, if the lands to be irrigated be devoted to market-gardening, animal 
power may be employed, and the simplest machines are to be preferred, because the 
cheapness of their first establishment, and the facility with which they can be 
repaired, place them within the reach of everybody. 

Tor agricultural operations on a large scale, however, it often becomes necessary to 
resort to more powerful means of action, and the modes which are usually adopted 
are to employ the motive power either of water, of wind, or of steam. 

If a sufficient fall, possessing the requisite conditions of regularity, exist, it will 
usually be found preferable to employ it, because the power would thus be obtained 
at a far less cost than if steam be used, and it would also be more regular in its effect 
than that produced by a wind-mill. As to the particular system of wheel to be em- 
ployed, that must depend upon so many considerations, that it would he useless to 
attempt to lay down any general rule. The simplest axe the best, for in the country 
the class of workmen able to repair the more complicated ones are rare, and it is 
certainly desirable that no machines should be used upon a farm but such as the 
village smith or carpenter could repair. 

If the water-fall be small, the quantity raised must he also limited, and it may per- 
haps, under such circumstances, be necessary to combine a system of reservoirs with 
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the otlier maclimery, in order to store the water raised during the intervals of its 
being employed upon the land. If the fall be great, there must necessarily exist a 
considerable inclination of the bed of the river, and it would ususdly be prefer- 
able to make a branch canal at a higher level. Such powerful water-falls are rarely 
neglected, however, by manufacturers, and as they are more valuable for such pur- 
poses than for irrigation, it is by no means desirable that they should be used for 
the latter. It appears probable, that hanging wheels upon boats fixed in the stream, 

I or turbines, might he employed economically. 

I Wind affords a source of power such as we may call gratuitous, but unfortunately 

it cannot be controlled, so that if it be applied for raising water for irrigation, there 
might be an abundant supply when not wanted, and none when there was the greatest 
necessity for it. If this motive power he resorted to, it becomes indispensable to con- 
struct large reservoirs ; but the expense of establishing and maintaining these, and of 
keeping the engine and machinery in repair, would exceed that of establishing and 
maintaining a system of reservoirs for storing rain water. In drainage operations 
these remarks do not apply, because the precise period at which the water is removed 
is but of little importance, and the action of the wind possesses sufficient regularity 
for this purpose, if the whole year be considered. 

Steam engines are far too expensive to allow of their being employed, unless in 
such neighbourhoods as furnish the skilled labour their repairs must require, and 
unless the district to he irrigated be of sufficient importance to warrant the constant 
employment of a staff of workmen able to keep the machinery in an efficient state. 
The price of coals must also materially affect the question as to the application of this 
; mode of raising water. The construction of reservoirs appears to be advisable in this 

case as in others, and to give rise to considerable economy, by rendering the work 
more constant, and thus enabling smaller engines to perform it. 

^ When the source of power shall have been decided upon, there still remains the 

equally important question of the description of machinery to be employed in actually 
lifting the water, 

SECTION II. — ^MACHINES FOR RAISING WATER. 

The machines employed for the purpose of raising water for irrigation have hitherto 
been entirely confined to the following : 

1. Pumps ; 2. Archimedean Screw ; 3. Machines with buckets, such as the noria, 
chain-pumps, &c. ; 4. Wheels, either with buckets, or water-ways upon the frame 
itself ; 5. Miscellaneous Machines. 


i 


When the quantity of water to be raised, and the elevation to which it is desired 
to raise it, are considerable, pumps are the machines at present considered to be the 
most economical. 

A pump consists of a hollow cylinder, in which the piston moves alternately, up 
and down, — ^in two pipes, one above the piston, called the ascending pipe, and the 
other below, called the suction-pipe ; and lastly, in a series of clacks. 

The cylinder is hollow and circular in the greater number of instances, although 
quadrangular and polygonal pumps are occasionally used. It may be of wood or of 
metal ; but the former material wears away too rapidly for works destined to be 
used for any length of time. It is, therefore, almost exclusively confined to agricul- 
tural purposes ; cast iron, or brass, are more generally employed; but of whatever mate- 
rial the cylinder be made, it is essential that it should be perfectly true in its bore. 

The power of a pump depends upon the interior diameter of the cylinder. It is 
considered small if this diameter he less than 4 to 5 inches ; large when it exceeds 
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1 foot : the largest rarely exceeds 1 foot 4 inches, although occasionally the diameter is 
made 2 feet. 

The length of the cylinder should hut little exceed that of the stroke of the piston. 
The piston itself is the most important part of the machinery of a pump, and the one 
which has received the greatest number of modifications. If the piston raise the water 
during its ascent or descent only, the action is said to he single ; % on the contrary, 
it raise the water by both motions, the action is said to be dowWe. When the piston 
works entirely above the level of the water in the well, the pump is called a metim* 
pump ; a m%-pump is one by which water is lifted during the up-stroke of the pis- 
ton ; a yorcin^-pump is one by which it is lifted during the down -stroke. A double- 
acting pump is, therefore, both a rising and a forcing pump. 

The piston is very frequently nothing more than a piece of wood, usually of horn- 
beam, which it is advisable to soak for some time in boiling oil; but for pumps of any 
importance it should be either of iron or of brass. The packing is sometimes of 
leather soaked in oil or tallow, and is fastened to the top of the wood in ordinary 
pumps ; the diameter of this packing is rather greater than that of the piston itself, 
so that it forms a species of cup upon the top with a flexible contour, which is pressed 
against the sides of the cylinder by the weight of the water. 

At other times the packing consists of two fillets of leather, kept in their positions 
at the top and bottom of the piston by two brass rings : the space between these fillets 
is packed with hempen cord, well tallowed, which projects a little, and works against 
the inner bore of the cylinder. 


Cast-iron pistons are often used, with an exterior packing of hemp or of leather. 
A projection at the bottom and a ring at the top, susceptible of being moved by a 
screw, press this packing against the inner bore. But the difficulty of turning the 
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cylinders perfectly true, and tlie imperfections of the pistons described^ tae fre- 
quently led to the adoption of tbe js/m^er-pump. This consists of a piston of brass, 
solid or hollow, of a length a little in excess of its stroke, and of a diameter about | 
or f of an inch less than that of the cylinder, also of brass* The piston works in a 
stuffing-box, and in descending it displaces a certain quantity of water, which is forced 
by this means into the ascending pipe, and when the piston rises it forms a vacuum. 

A single-acting pump requires two clacks, — one is placed Fig. 7. 

upon the suction-pipe, the other upon the rising-pipe. Some- 
times one of these clacks is placed upon the piston itself, 
which, in this case, is pierced for an orifice suited to the .J V 
passage of the water. A double-acting pump has four fixed 
clacks, but none upon the piston. In order to facilitate the 
examination and repair of these clacks, the pipes are enlarged 
near their seats. ^ ^ 

Clacks, or valves, are of two sorts—spindle valves, and 
common valves with hinges. The first are sometimes nothing I I 

more than truncated cones of small height, which enter and i i 

fit closely into the aperture they are intended to shut ; they I i 

are traversed by a spindle to which they are fastened, and 1 | 

wliich serves to guide them in their motions. The common i I 

valves are usually nothing more than circles of greased leather i I 


•Common Valves. 
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Fig. lO.—Spiudle Valve. 


If the piston made a perfect vacuum, 
the water vs^ould he raised in the suction- I 

pipe to a height of between 32 and 33 | 

feet above the water level in the well, or | . 

to a height sufficient to balance the | 

atmospheric pressure at the point where I 

the pump is placed, whatever may be the | 

diameter of the pipes or their inclination. I 

But in practice, when the piston is at | 

the bottom of its strobe, the pressure of 
the air occupying the space' between the ■ - 
piston and the suction-valve being, with- 
out taking into account the weight of I 

the valve, equal to the atmospheric pres- | 

sure when the piston arrives at the head ^ 

of its stroke, this pressure becomes I 

H , in which 

Q + ^ 

H = atmospheric pressure, 

q =s volume of air between the piston and valve at bottom of stroke, 

Q = volume produced by the piston in one up-stroke, 

Q + gr = volume occupied by the air when the piston is at the top. 

In order, then, that after a certain number of strokes the pump may draw, it is neces- 
sary that the maximum height of the valve above the water designated by and 
leaving out of account the weight of the valve, should he 
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Q+i? \ + g / 

The water must not only enter the lower part of the pump, but it must also reach 
the highest point of the stroke of the piston. Instead of the theoretical height above 
given, it is rarely found that in practice it ever exceeds 29 feet, and the maximum 
average is usually from 26 to 28 feet. The height of the suction-pipe itself is rarely 
made more than from 17 to 23 feet. 

For more detailed information upon the principles affecting the construction and 
the action of pumps, the reader is referred to D^Auhuisson’s Traits d’Hydraulique, or 
to the Tracts upon Hydraulics, Hydrostatics, and Pneumatics, published by the 
Society for the Diffusion of Useful Knowledge. 

2. jirchimedean Screw. 

This machine appears to have been used in very remote antiquity, nearly in the 
form adopted at the present day. It is of great service in raising water from posi- 
tions where the difference of level is not considerable. 

If upon the surface of a cylinder a helix of several convolutions or wheels be traced, 
and if, in a groove cut according to this curve, small planks of the same height be 
placed side by side in close contact, their combination will form the thread of a screw 
with a great projection and of a uniform thickness ; and if the whole be then enclosed 
in a solid envelope, the machine will form an Archimedean screw. 

In common screws, three equidistant threads are placed, forming the channels ; the 
diameter of the thread, which forms necessarily that of the enclosing case, varies from 
13 to 26 inches, the central shaft occupying about ^rd of the diameter; and the 
length of the screw is from 12 to 18 times its diameter. The angle which the thread 
forms with the axis has been frequently modified in practice. The ancient Romans 
made it 45^^ ; in the South of France, as in Holland, it is made about 54*^ ; the engi- 
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jieers of Paris make it 60® ; and Eytelwein, in some of Iiis experiments, carried it to 
78®. At the upper end of the axis is a winch or crank, and at the lower is the pivot 
upon which the screw turns. Large screws are made even 6 feet 6 inches diameter. 

If such a machine be set to work upon a body of water, giving to the axis an incli- 
nation less than that of the thread upon the axis,- — that is to say, giving the latter an 
inclination of from 30® to 45®, and if a rotary movement be communicated in a direc- 
tion opposed to that of the threads, the lower orifices of the channels in passing 
through the water will take up a certain quantity, which will pass from spire to spire 
and flow out at the top. 

Experiments made by M. Lamand^ shew that a good screw, of the following dimen- 
sions, is capable of producing the results indicated below : 


Length of screw . ... . . . . . . . . 15feet2 inches. 

Exterior diameter . . . . . , . . . . . l foot 7 1 inches. 

Inclination of the screw to the horizon . . . . 35 degrees. 

Number of revolutions in a minute , .... 40 
Height to which the water was raised . . . , 10 feet 9 inches. 

Quantity raised per hour . . . ...... 45 tons. 


The useful effect produced by a man working eight hours per day mth such a screw 
would he about 50 tons raised 1 foot high per hour. It is to he observed, that in 
closed screws it is necessary that the water-line in the well should stand a little above 
the centre of the base of the shaft, without completely immersing it. 


Fig. 11. 



Such closed screws could not be of service for raising water from a well in which 
the water-line varied. In Holland and Germany this inconvenience is remedied by sub- 
stituting for the outer cylinder a fixed semicircular channel. By this means also 
the weight of the outer cylinder and of the water does not bear upon the gudgeons nor 
upon the shaft, hut it is necessary to work the machine with considerable velocity in 
order to prevent any serious loss of water between the spiral arms and the bottom 
channel. 

In Holland the screws are worked by wind-mills, and they serve to drain the 
polders and marshes ; but it must be evident that the same means could be applied 
to raise water for irrigation. The Butch mills have usually sweeps about 40 feet 
long, measured from the axis of rotation, and they lift the water to a height of about 
15 feet. If the point of discharge should happen to be above that height, two 
or more sets of wind-mills are required, the lower ones pumping the water into inter- 
mediate cisterns, from which it is subsequently raised into the discharging channel. 
These wind-miUs cost on the average about 26,000 florins, or £ 2080 each, and they 
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can raise 86,400 tons of water per day on the average, but they only work effectively 
60 days per annum. 

The useful effect of an Archimedean screw is stated by Morin to be 0*75 of 
the power employed. 

A French engineer, M. Pattu, in the year 1815 proposed a modification of the 
screw, consisting in the application of two separate threads on the same axis, one 
being long and narrow, and the other short and wide. This combination might be 
rendered serviceable in cases where a fall of water of considerable volume, by setting 
in motion the shorter screw, might raise the water to a higher level, or where a smaU 
stream falling from a great height might furnish sufficient power to raise the water to 
some intermediate point 5 or again, in other cases where a short fall existed above 
the desired point. 

A set of screws worked by steam have lately been erected to make good the waste of 
water by lockage upon the Canal of the Sambre and Meuse. They are four in number, 
with a total lift of 21 feet 10 inches, and are open, with a diameter of 5 feet 4 inches. 
The shaft is of oak 14 inches diameter, and the blades are 1 inch thick. The generating 
line of the inner thread is inclined to the axis at an angle of 35°, that of the outer 
thread at an angle of 72®, the inclination to the horizon being 35® The play of the 
screw in the trough is 2 inches, and the machine makes from 40 to 45 turns in a 
minute, with a depth of 3 feet 4 inches of water in the well. The effect of these 
screws is to raise 1 ton of water 3 feet 6 inches high per second, for a total outlay 
of steam engine and all machinery of about ^ 1700. 

3. Machines with Buckets. 

These consist of buckets, swapes, scoops, norias, chain-pumps, and the various 
descriptions of chapelets. 

In raising water by buckets, it is found that a man can only exercise a useful effect 
equal to about the fifth part of what he ought to exercise under advantageous Oircum- 
stances. This mode is therefore rarely resorted to, unless the work to be performed 
requires to he executed immediately, and is not likely to he of great duration. 

When the quantity to be raised is small, and the depth of the water below the 
point of discharge not more than between 15 and 20 feet, and the operation is only 
required during two or three hours of the jbV 12 

day, it is frequently advantageous to use 
buckets fastened to a balance-pole. The 

lever, or pole, is supported upon a post, and \ 

carries at the opposite end a counterpoise \ 

to the load, so that the gteatest effort of 
the workman is tequired to lower the empty 

bucket. In this manner a man accustomed ^ 

to the labour can raise about 20 tons in an J 

hour. The swape is a macMUe founded ^ 

upon this principle, ahd it has been in use 

in the East from the earliest periods of 

civilization ; even at the present day it is ' - ^ ^ 

retained in Egypt and in India in the same 

form it bears in the hieroglyphics. The 

sketch in the margin represents a similar ^ 

machine used near Genoa and Savona, and similar rustic implements may be seen in 
the market-gardens near London. 

When thevwfer is very deep in a well, and the use of buckets by hand becomes 
impos^ble^ they toe let tiown to the water by means of a rope or chAin. The most 



Such hand-troughs can easily raise water from a depth of from 3 to 4 
their principal defect consists in this, that a considerable portion of the power emr 
ployed is absorbed in raising the trough (which must be, of a considerable weight) 
at the same time with the water. This objection is, to a certain extent, obviated by 
the troughs being made double, and so disposed as that one side should balance the 
other, — ^in fact, by disposing the weight of the machine so that the weight of the water 
alone should be raised. Four men are usually required to work auch a machine, and 
it is evident that it would be easy, by means of cords, pulleys, bcam-^giuies, or 
contrivances, not only to enable workmen to use them more advantageously, but 
to admit of the application of other motive power than mere manual labour. Thus 
Mr. William Fairbairn has designed a machine represented by the sketch No. 15, in 
which the trough is worked directly by steam upon the principle of the Cornish 
engine. The scoop is made of wrought iron, and is 25 feet long by 30 feet wide, with 
two partitions across it. The arrangement by which the dip may be altered, without 
any corresponding alteration in the length of the stroke of tlm piston, is to be admired, 
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unfavourable conditions for the workman so employed are when the bucket is 
lowered simply by hand, because the whole effort is upwards, and the weight of the 
cord is, in fact, so much useless additional weight. The best manner of raising water 
by ordinary buckets is to fasten the centre of the cord to the drum of a windlass, 
leaving the tw^o halves to wind upon it in opposite directions. Navier considered 
that a man working the handle of such a windlass was able to produce a useful effect 
of 58i tons raised 1 foot high in an hour, and work 8 hours per day. 

Hand-scoops are rarely used for the purpose of raising water when the depth of the 
lower reservoir, below the point of discharge, is more than from 2 to 4 feet. 

The Dutch scoop, represented by Fig. 13 . 

the accompanying sketch, No. 13, is 
one of the most effectual, and Belidor 
even states, that with one of these 

machines the useful effect of a man’s 7 I u 

labour, working 8 hours per day, is 7 \\ X 

equal to 66 tons raised 1 foot high per i v\ x 

hour. This result seems, however, to jj I 

be too favourable. jj K 

The machine represented by fig. 14 j 

is sUghtly moaifledfrom one described . . 

by Belidor, in order to render it more 
susceptible of removal. . It may easily 

be ■ understood' that it is worked by ■ 

two^ men, and that when they lower 
the trough, which moves in an arc of 
a circle, the valve opens, and the part 

near it becomes filled with water,— as also that when the movement is changed, the 
water should flow away from the centre. 


Fig. 14. 
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but owing to tbe scoop not Fig. is. 

being made double and with 
an alternate motion, a portion 

of the power must be lost. It . 

is stated that these machines i I 

are adapted to raise 17 tons' '' ' ' 

of water at each stroke, and " \ I ■■ 

'with an engine ■ of 60 horse- 
power, that they will do a duty 
equal to 3 tbs. of coal per horse- 

power per hour. If 'this be ” 

really their etFective duty, 

there are very few water- rimmmm,'i£m < /./ . 

raising machines which can be compared with them, especially in those cases in which 

the lift should not exceed from about 12 to 15 feet vertical. 

When water is raised by buckets upon a windlass, it is necessary, that in addition 
to the men placed at the handles, there should be another at the bottom of the well 
to place the buckets, so that they should fill rapidly. Sometimes also it is necessary 
to have another man at the top to empty the buckets when they arrive at the surface 
of the ground. The expense of this method of raising water is therefore much 
increased. 

In order to obviate this source of expense, and at the same time to avoid the loss 
of time consequent upon the intervals of repose whilst the buckets are being filled 
and emptied, a series of such instruments is placed upon an endless chain, passing 
over a drum below the leveT of the reservoir from which the water is to be raised. 
Thelower extremity of the chain, and the buckets it carries, dip into the water; their 
opening is turned upwards upon the ascending portion of the chain, and downwards 
upon the descending portion. The machine, of which the above description indicates 
the principal parts, is called the Noria, and it is set in motion by a crank, or by 
toothed wheels communicating with a mill. In passing through the water, the 
buckets fin themselves with water, and they carry it with them to the top of the 
ascending chdn ; when they arrive at the top they incline laterally, according to the 
convexity of the upper drum, and they pour their water into a basin or trough placed 
to receive it. 

In this manner the buckets fill and empty themselves, and the continuity of move- 
ment is attained. But at the same time that the noria possesses these advantages, it 
has some defects : thus the water forcedly is raised to a higher point than that of dis- 
charge, and the great weight of the machine, as well as the number of joints, augment 
considerably its resistance, its friction, and the expense of repairs. In spite of these 
defects the noria is a very useful instrument, and it has been in use in the East for 
many centuries. The Arabs carried it with them into all the countries of Southern 
and Western Europe they conquered, and it is unquestionably to them that the inha- 
bitants of Spain and of the South of France owe its application to the purposes of 
irrigation in their gardens. 

Originally the chains were formed simply of wisps of hay or straw, the buckets 
were only common earthenware vessels, and the drums, both above and below, were 
nothing more than ends of timber rudely crossed. Such is even at the present day 
a description of the majority of norias used in Spain or Egypt, and although rustic 
and rude in the extreme, they effect tolerably the proposed object. In the best 
modem norias, however, the buckets are either made of sheet-iron or of copper; 
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D'Aubuisson cites, as a very perfect machine, a noria made by M. Abadie, of 
Toulouse. It consists of a. drum of hexagonal form, 18 inches in diameter and 
about 17 inches long. The axle of the drum is of iron, and 5-^ inches square; the 
chain is about 45 feet long, and contains 28 links, each of which carries a bucket 
of sheet-copper able to hold 3^ gallons. The surface of the basin which receives the 
water is about 3 inches below the axle of the drum, and 16 feet 10 inches above the 
level of the water in the well. A common horse, used for gardening purposes, works 
this machine, and produces a useful effect of about 400 tons raised 1 foot high per 
hour, or about 0*82 of the real power employed to set the noria in motion* Navier 
made some experiments, which appeared to shew that the useful effect was about 
0*88 of the power, but in practice it is not advisable to reckon upon more than 0*70 
to 0*80. 

As already seen, it is necessary in a noria that the water should be raised to a 
point above that of discharge, in order that the buckets may empty themselves. It 
follows from this, that in order to produce an effective result Q A, it is necessary, 
leaving out of account all friction, to produce a real effort Q (A + h*) in which 
Q the weight of the water, 

A — the height of the discharge, 

// ~ the extra height required to enable the buckets to discharge the water at a 
proper height: this is usually about 2 feet 6 inches, or the radius of the circle 
described round the hexagon formed by the drum, with a play of from 4 to 
8 inches. 

As the value of h' remains constant, whatever be that of A, the proportion of the 
useful effect to the power employed will be increased as A increases, and this theore- 
tical deduction has been confirmed by direct experiment. The power thus lost is, in 
addition to that cited above, represented by the coefficient 0*82, so that the real 

expression of the useful result would be < 


A + A'‘ 


There are many other machines for raising water which produce more favourable 
results than the noria, with reference to the proportion between the power employed 
and the useful effect produced. But the noria has the twofold advantage, that its 
simplicity of construction is such that a common blacksmith can repair it, and that it 
can raise waters, however muddy or charged with sediment. To secure the most 
favourable results it is advisable that the movement should be slow. The depth to 
which it can work favourably appears to vary from 8 to 10 feet at a minimum to 
about 45 or 50 feet at a maximum. 

■ ■ ■ ■ ' ' Fig. l6. '■ 



The sketch, No. 16, illustrates the noria used in Spain ; the pots are of earthenware, 
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the chains replaced by haybands, and the machine is set in motion by a horse or an 
ox. According to Janbert de Passa, from whose work ^Voyage en Espagne* the 
sketch is extracted, by the aid of one snch noria it is possible, under the burning 
climate and the sandy soil of that country, to supply the wants of a family from three 
or four acres of land. 

Chain-pumps may be taken as representing what foreign engineers describe under 
the name of Chapelets, and they are of two kinds, the vertical or the inclined 
chapelet. They were formerly much used in drainage works, and, it appears, are still 
retained in China for raising water for irrigation ; but their use has been almost 
entirely superseded by the Archimedean screw or other machines in Europe and 
•America. . 

The vertical chapelet consists of a tube, either cylindrical or square, about 13 or 
20 feet long and 5 or 6 inches diameter: the lower end of this is placed in the water. 
Above the tube is placed a wheel or roller, fixed upon an axle, at the ends of which 
are winch-handles. An endless chain works upon the roller and in the vertical tube, 
bearing from distance to distance a series of valves of wood or of metal, lined with 
leather, fitting tolerably closely against the sides. A second roller is placed at the 
bottom to guide the chain, and to keep it constantly in a state of tension. 

When the chapelet is in motion, the upper roller moves the links successively, and 
thus raises the chain. The valve which arrives at the lower orifice of the tube then 
takes the water below the preceding valve, intercepts its communication with the 
lower reservoir, and carries it to the discharging channel. 

In cases where the height from which the water has to be raised does not exceed 
13 or 14 feet, the vertical chapelet appears to be advantageous ; its machinery is less 
complicated than that of the noria, and it offers less resistance. A considerable 
quantity of the water, it is true, escapes between the leathers and the sides of the 
tube, especially when the speed is small. This loss, however, may be diminished by 
keeping the machine constantly in repair, and particularly by applying to the lower 
end of the tube a carefully-bored metal pipe of a rather smaller diameter, and of a 
length a little more than the distance of one valve from another. 

It is usual to employ from four to eight men at the winch-handles, which have a 
radius of about 1 foot 4 inches, and make from 20 to 30 revolutions a minute, to work 
these vertical chapelets. Working 8 hours per day, and relieved every 2 hours, these 
men raise from 370 to 400 tons 1 foot high in a day. In general, it may he assumed 
that the useful effect is equal to 0'65 of the labour employed, and that the quantity 
of water raised is about five-sixths of that entering the tube. 

The chapelets may be worked by manual labour, or by horse, steam, or even by 
water-power* 

The inclined chapelet consists of a series of valves attached to an endless chain, 
usually of a rectangular form, and working in an inclined trough. The descending 
branch of the chain bears upon the upper side of the trough, if it be covered, or upon 
a species of floor, should that not be the case. The trough dips into the well, and is 
carried to the point where it is desired to pour the water. 

The play left between the exterior of the valves and the sides of the trough is not 
more than ^th of an inch. For the same sectional area of valve the development of 
the part of its contour in contact with the trough is the least, as is likewise the 
quantity of water it allows to escape, when the height is equal to half the width ; 
nevertheless in practice the height is sometimes made equal to four-fifths of the 
width. The distance between the valves varies from 1 to I j times the height, and 
the speed from 3 feet 6 inches to 5 feet per second. 

The inclined chapelet requires a greater motive power than the vertical chapelet 
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proportionally to the effect produced,— on account, firstly, of the fiiction of the valTcs, 
and, secondly, on account of the loss of water between them and the sides of the 
trough. In Europe, therefore, this mode of raising water has long since been aban- 
doned; but it is retained in China, where the low price of labour may still justify 
its use. Peyronnet was one of the last to employ the inclined chapelets, and it appears 
from the experiments and observations he made that the real useful effect they pro- 
duced did not exceed more than 0*40 of the power employed. (See figs. 1 7 to 20.) 
i^Water’^wheeh,withb^ 

It is possible to apply to the circumference of a water-wheel, the lower part of 
which works in a stream, a series of buckets, which are open, and so disposed that at 
the lower part of the revolution they should take up a certain quantity of water to he 


afterwards discharged into a basin constructed to receive it. There is no simpler or 
more economical method of raising water ; the same current furnishes the power and 
the material required. For these reasons, when local circumstances admit of its 
application, this kind of machine is frequently used for irrigation or domestic 
purposes. 

When the depth from which the water is to be raised is considerable, a separate 
wheel is constructed for the buckets and for the fioats. The first consists of two 
circular plates, between which the buckets are placed, in the best wheels of this 
description, upon an axle which traverses the upper part, and around which they are 


Fig. 17* 



I 




WATER MEADOWS. OR IRRIGATION, 


free to move. In this manner they remain Fig. is. 

vertical, and retain the water they have 

taken np until they arrive at the top of <x 

the wheel; there a very simple piece of 

mechanism causes them to incline, the 

.water falls out, and they re-assume their ^ 

position. The float -wheel communicates i 

movement to the bucket-wheel either by an // \ =|= 

axle common to the two, or by any other f 

contrivance. In rough country works, how- c=^ 

ever, the floats are occasionally arranged L 

at fixed distances to act as buckets, which, * -p 

by the movement of the wheel, successively *L 

takes up the water, and pours it into the 

reservoir. Unless, however, the openings f(_ 

of the buckets be well regulated, they always c==|- 

lose a portion of the water they take up at j| 

the moment they leave the stream; more- 

over, the water is not discharged until it H 

reaches a point higher than the one where jF 

it is required to be used. For these reasons, IL 

the loose buckets above mentioned are pre- 

Peyronnet used a similar machine to that 
described with considerable success for 
draining the foundations of the Neuilly 
Bridge. The float -wheel was fixed at a 
point in the stream where the velocity was 
about 2 feet 8 inches per second, and the 

bucket-wheel was removed to the different piers, sometimes to a distance of 
The first wheel was 19 feet 2 inches in diameter, the width of the floats 
feet 4 inches, and their height was about 3 feet 2f inches. The second was 

Fig. ig. 
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7 inches in diameter, and carried 16 buckets, or cases, each of which cubed about 

; 5 cubic feet, but did not lift to the top much more than 3| cubic feet. This 

; machine raised 185 tons per hour from a depth of from 10 feet 6 inches to 12 feet 

10 inches,— a useful effect equivalent to that of twelve vertical chapelets, such as 
. Peyronnet employed for the works of the same bridge. 

The machine known to the ancients by the name of the tympanum is but a modifi- 
cation of the bucket-wheel. It consists of two plates and a cylindrical envelope, to 
which they serve as a base. It is divided interiorly into eight or a greater number 
of compartments by a series of partitions disposed in the direction of the radii. 
^ The cylindrical envelope is pierced by a series of holes, one corresponding to every 

opening or division in the interior of the Wheel, and the exterior drum is pierced 
by a large axle, upon the face of which are as many openings as there are compart- 
I ments. 

When this machine is properly placed upon the water to he raised, and it is set in 
movement, each opening, as it passes below the level of the water in the reservoir, 
takes up a certain quantity of water, which passes into the receiving tank by the 
I openings in the face of the wheel. 

At the beginning of the last century Lafaye modified this wheel by making the 
compartments according to the development of a cycloid generated by the revolution 
; of a circle equal to the diameter of the axle, and by suppressing the external case. 

By this disposition, a vertical line passing through the centre of gravity of the body 
of water contained in each division is tangent to the axis ; and whatever may be the 

; position of the tympanum, the radius of its axis is the expression of the resistake ; 

so that the effort is as regular as possible. 

Peyronnet made some elaborate observations upon the effect produced by these 
^ wheels. The tympanum had a diameter of 19 feet 2 inches, and carried 24 partitions, 

' entering the water to a depth of nearly 10 inches. It made 2^ turns per minute, and 

raised 123 tons of water to a height of 8 feet 6| inches per hour,— the motion being 
communicated by 12 men working a wheel with a lantern ; so that the useful effect 
I of a man's labour per hour was equal to 87*8 tons raised 1 foot high. The proportion 

this bears to the useful result of a vertical chapelet is about 26 to 17. But the 
tympanum has the serious objection of not being able to lift the water above the axis, 
which entails the necessity of making it of considerable dimensions, and therefore 
I very heavy and cumbersome. It may be driven by water, steam, horse, or hand 

labour, as may be necessary. 

In England this description of wheel is known as the Persian wheel, but it is very 
rarely employed. Its antiquity is very great, for Vitruvius mentions it, and even very 
correctly cites its advantages and disadvantages : “ Non alte toUit aquam, sed exhaurit 

expeditissime multitudinem magnam.” 

The works upon the same principle as the chapelets, but its operation 

and effects are confined to a circular channel, in which the flat blades move. In 
Holland these wheels are used to raise the water occasionally from the marshes, and 

I they are there set in motion by wind-mills. Near Paris, in the basin of St. Ouen, a 

machine of this nature was constructed for the purpose of lifting water from the 


Seine. The principal dimensions were as. follows : 

Exterior diameter of the wheel 35 ft. 

; Interior do. 29 „ 7 in. 

Length of floats (nearly) 4 „ 

Height of do. measuring upon the inclined line of the floats . 3 „ 

, Do. do. measured upon the radius ....... 2 „ 8^ in. 

I Number of floats 36 





The observations made upon the working of this engine shew that it raises 220d 
tons of water 13 feet 2 inches high in an hour : the power of the machine setting it in 
motion being 45 horses, it follows that the real effect produced is 0*82 of the power 
employed; but as the power of the engine was not accurately ascertained before the 
trials, the results are only to be considered as approximations. 

Smeaton and Navier examined the action of these wheels. Smeaton states that 
their results are even more favourable than those cited above, but his experiments 
must be considered rather as ascertaining maximum than mean results. Navier found 
that the useful effect hears a greater ratio to the power employed when the speed 
of revolution is the least, and that theoretically the effect and the power would he 
equal if the speed were infinitely small. But at the same time the loss of water 
between the circumference of the blades and the race increases when the speed of 
revolution diminishes: all other things being equal, this loss may be reduced to the 
lowest terms by making the blades rectangular, and of a width equal to double their 
height. 

This description of wheel is hahle to the same objection as the Persian wheel, viz. 
that the water cannot he raised above the level of the centre of the axle. Neverthe- 
less, in the fen districts of Lincolnshire Mr. Glynn has lately erected some powerful 
machinery of this nature. One of these erected on the Ten-mile Bank, near Little- 
port, in the Isle of Ely, is driven by a 80 horse-power engine with a wheel 40 feet 
diameter. The Deeping Fen, near Spalding, with an area of 25,000 acres^ is drained 
by two engines of 80 and 60 horse-power. The 80 horse-power engine works a wheel 
28 feet diameter, with float-hoards 5^ feet by 5 feet, and moving vnth a velocity of 
6 feet per second on the average. When the engine has its full dip, and consequently 
the sectional area of the blades lifting the water is 27-^ feet, the quantity discharged 
per second is 165 cubic feet, or about 4^ tons raised 5 feet in height. The useful 
effect of this engine would thus appear to he 0*88 of the nominal power; but the 
remark made above with reference to the engine at St. Ouen applies equally in this 
case, viz. that little dependence can he placed on the nominal expression of the power 
of a steam engine. 

The figure 21 represents the flash -wheel arranged so as to receive its motion from 
a wind-mill. The figures 22, 23, 24, and 25 represent modifications of the Persian 
and the bucket-wheels to be met with in practice. Fig. 24 of these represents the 
description most commonly used by the farmers in the Upper Rhine districts for 
raising water for irrigation; and although far from being perfect as a mechanical 
contrivance, it is found to render very great service. Its simplicity of construction is 
such that any village carpenter can make it, and as easily keep it in repair. The 
emigrants from this district have carried their bucket-wheel into the United States, 
where it is applied with the same success as in the mother country. 


5. Mmellaneom Machines, 

The class of water-raising engines thus grouped together have little, if any, connec- 
tion with one another. 

The most important of these machines, when an intermediate point of discharge 
can be found for the water creating the power, is the water-column engine of foreign 
engineers, known in England as the * Hungarian W'^ater-pressure Machine.' It con- 
sists of a cylinder or large pump-barrel, in which a piston moves, driven by the weight 
of a high column of water confined in an upright pipe ; a rod or balance-beam is fast- 
ened to the head of the piston, which communicates movement to common pumps or 
other implements: sometimes, but rarely, a system of machinery is adopted which 
converts the alternate up-and-down motion into a circular one: this conversion of 
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movement, we may remark, is never effected in the best and most modern machines 
of this description. 

One of the most perfect water-pressure engines has been erected at Huelgoat, by 
order of M. Junker. It is single-actioned, and the principle upon which it works is 
similar to that of the Cornish engine ; but the transmission of the pressure of the 
water has led to some important modifications in the details of its construction. 
The principal condition required in these engines is, that water should be obtained in 
a vertical column of sufficient height, and that it should be discharged after the pres- 
sure it is exposed to at the bottom of the column has produced its effect. As in the 
Cornish engine j the manner of application consists in directing this force so as to raise 
a piston lifting the load, and then in cutting off the communication when the cylinder 
is full, giving free egress to the water which has thus created the power, and allowing 
the piston-rods to fall by their own weight. 

In the lifting machines of Huelgoat, the cylinder producing the motion is placed 
with the cover downwards, and it is open at the top ; it bears at the bottom a 
shoulder, which is successively put in communication by means of an upright pipe 
with two pipes, the one leading to the base of the water column, and the other to the 
discharge heading ; these therefore serve as the conducting and discharge pipes for 
the water producing motion. To set the machine at work, it will suffice to place the 
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shoulder at tlxe hottam in communication with the feed-pipe} then when the piston 
shall have traversed the whole of its course, to close this orifice, and to put the 
cylinder in communication with the discharge pipe, so that the water -may he driven 
out by the weight of the piston and of the pump-^rods, which produces the down- 
stroke. 

At Huelgoat there are two machines of the nature described, designed to raise the 
waters filtering into the mine, which it is supposed may amount to 200 tons per hour. 
They are placed about 360 feet below the surface of the ground, in the midst of the 
well designed to collect the waters, the bottom of which is about 1080 feet from the 
surface. 

The cylinders are 3 feet 4^ inches diameter and 9 feet high. The piston is of brass 
and is simply covered with leather; the stroke is a little more than 7 feet 6 inches 
long, and the machine makes on the average 5 ^ strokes per minute. A wrought-iron 
rod is attached to its centre, which passes through the bottom of the cylinder and de- 
scends vertically to the bottom of the well : it is designed eventually to raise at one 
lift the wkter a total height of nearly 755 feet to an overflow channel. The 
descending column is of a total height of 246 feet 8 inches, but as 46 feet 8 inches of 
this is lost by placing the machines below the level of the overflow, the effective head 
upon the cylinder is only 200 feet. The reason for placing the machine in this posi- 
tion was, that it was deemed advisable by this means to counterbalance the weight of 
the pump-rods. The equilibrium is thus produced to a certain extent by a column 
of water 46 feet 8 inches high, with a base of 3 feet A J inches diameter. 

The diameters of the feeding and discharge pipes are nearly 15 inches each, that of 
the pump-barrels is 18 inches, and that of the rising main 10| inches. 

In this description of machine the piston receives the whole power of the water 
producing motion, excepting the small portion required to work the regulators, and 
nearly all the fall H is used, so that their dynamical effect ought to be very nearly 
expressed by P H ; P = tbe weight of water. But the friction of the piston in the 
cylinders, the resistance the water is exposed to in the pipes, and the various bends, 
absorb a notable portion of the power ; so that even in the best machines the real effect 
is only equal to about frds of that found by theory. In the best water-column ma- 
chines of Freibourg, the maximum of the real effect rises to 0*70 or even to 0*75. At 
Huelgoat the engines do not work to their full power, so that actually they only pro- 
duce 0*45 P H, although it is supposed that when the workings of the mines shall 
have been carried to the depth originally intended, they will yield 0*75 P H. 
M. Junker, however, has deemed it safer not to calculate upon a real effect of more 
than 0*65 P H. 

Some Hungarian machines produced their effect merely by the compression of the 
air in an intermediate chamber. But such engines, although the philosophical prin- 
ciple upon which they are founded be very elegant, are not of sufiicient practical 
utility to require a long description. The reader is therefore referred to Hr. Gregory's 
'‘Treatise on Mechanics' for the details connected with their action and con- 
struction. 

The Hydraulic Ram of Montgolfier* 

The hydraulic ram was invented by M. Montgolfier, of Paris, about the year 1797, 
and is very remarkable both on account of its simplicity and of the peculiar principle 
of its action. This would appear to depend upon the momentum of any body once 
set in motion continuing to operate after the movement itself shall have ceased in 
that body. 

This machine consists, firstly, of either a feeding reservoir, or a conducting pipe, 
M ; of a pipe forming the body of the ram, a b, which conveys the water to the work- 
VOL. III. 3 A 
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ing part : this last is called the head^ and consists in a short pipe c d, open at its 
Tipper end by means of an orifice e, against the edge of which works a valve «, intended 
to close it. The head also contains the rising valve 5, which opens upw^ards into a 
reservoir called the air vessel^ and at the bottom of the air vessel is placed the 
ascending pipe e. 


Fig. 26. Fig. 27. 



The form as well as the respective positions of the parts of these machines may 
differ, as is shewn by the accompanying sketches, figs. 26 and 27. In the latter the 
valves are replaced by hollow globes, whose specific gravity is twice that of water. 
They are retained in their position by iron bars, which nevertheless leave them at 
perfect liberty to move in the required directions ; the seats of the openings are lined 
with tan*ed yarn, in order to break the jar occasioned by their falling into their seats. 

Now, if we suppose that the valve a be drawn down, the water will flow from m 
along AB, and escape through the orifice e. Whilst the water is thus flowing, the 
weight of the valve a must be adjusted by means of the spindle t placed to receive a 
load, so as just to sink or force its way down against the head of water in ab. When 
the water, however, is in motion it acquires considerable momentum, and exercises a 
power greater than that of the mere column to which the valve has been adjusted. 
The valve a is then raised, and the orifice e closed, and the flow of the w^ater being 
thus checked, it becomes stationary, the momentum is lost, the valve and weight then 
again become superior, and they fall, opening the valve, so as to let the water escape 
again. In this manner, as the pressure of the water and the weight of the valve 
become alternately superior, the valve is kept in a constant state of vibration without 
any external aid whatever. 

It must be evident that in the mean time the momentum generated between each 
pulsation cannot be at once destroyed ; a second valve h is then provided, through 
w'hich the water is forced into the air vessel, until the elasticity of the air overcomes 
the gradually decreasing momentum, when the valve b closes, and that at e opens, to 
allow of a second pulsation. The same series of movements will be repeated so long 
as the upper reservoir shall continue to supply water. 

M. D^Aubuisson cites as one of the most powerful machines of this class the 
hydraulic ram constructed at Mello, near Clermont-sur-Oise, by Montgolfier the 
younger. The body of the ram is 4|- inches in diameter, 106 feet 7 inches long, and 
weighing about 29 cwt. ; the head weighs 4 cwt. ; the capacity of the air vessel is 
only 1*32 gallon. The valve {d) consists of a flat plate, in which are seven holes, 
closed by the same number of hollow balls 1-^ inch diameter. It beats 60 strokes 
per minute. (In the subjoined Table more details are given of this engine.) 

Hitherto the reactions which take place in the working of the ram have baffled all 
attempts to form any satisfactory theory upon their causes, and the practical results 
they have presented have been too discordant to allow of the establishment of any 
general formula, possessing tolerable accuracy, by which the proportions of the diiferent 
parts of the machinery can he predicated, or by which the relation between the 
power employed and the elFect to he produced can be expressed without a separate 
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trial ill every case. The passive resistances, especially those of the valves, present in 
fact so many difficulties as to render their appreciation nearly impossible. 

In the following Table, extracted from D'Auhuisson, and from Hachette's ^ Traite 

des Machines,’ it is to be observed that the estimation of the effect of the hydraulic 
ram, unlike "water-wheels, does not require that the velocity of the movement should 
be taken into account. The effect will be the weight of water raised to a certain 
height in a certain given time : calling the weight js" and the height ir, it will be 
p H . The corresponding force P being the weight of the water furnished in the 
same period, and H the height of its fall, its expression will be P H, and consequently 

the relation between the two will be or it wUl be jf ^ represent the 

volume of water raised, and Q that employed to raise it, since Q : ^ : P 


Height 


Water 


Numher 

'of fall. 

of elevation. 

employed. 

raised. 

of experiment. 

H 

H' 

Q 

Q 

;■■■■■ .1" , 

2-HO 

16*“06 

O‘«’068 

0*“00624 

2 

11* 37 

59*44 

0* 140 

0* 0175 

3 

10* 60 

34* 10 

0* 084 

0- 017 

4 

0* 98 

4- 55 

1* 987 

0- 209 

5 

o 

o 

A- 

60* 00 

0* ‘013 

0- 00097 

The average of these experiments gives 0-65 as the ratio between 


qW 
Q H 
0'570 
0*653 
0*651 
0-629 
0*671 


- — — ^ uc xaieseu'iias 

been small, and it is very doubtful whether the machine would ever be able to 
produce any powerful action. The violent shocks of the valves, and the jar of the 
body of the ram, shake the supports in a very dangerous manner. It is for the pur^ 
pose of obviating this that the weight of the body of the ram is made as great as 
possible, but in this manner the evil is only partially remedied. In the large 
hydraulic rams, the heavy bed-work in which they are fixed becomes loosened in 
course of time, notwithstanding any care or pains employed in its execution. It is 
therefore to be feared that the use of this very important hydraulic engine must be 
confined simply to supplying the wants of one establishment. 

Belidor's Pressure Engine, and Bramah* s Hydrostatic Bdlms, are merely modifi- 
cations of the Hungarian Pressure Engine. As the latter, in the conditions of the 
Huelgoat machines, combines all their useful details, it will not be worth while to 
dwell more at length upon them, more especially as they are rarely used for the 
purpose of raising water. It may, however, be appropriate to state that the 
theoretical pressure able to be exercised by the great piston of an hydraulic press 
. ^ PLB2 


Q ~ the pressure produced. 

P = the motive power : a man acting upon a lever without employing the 
weight of his body produces ordinarily P = cwt. ; or even P = 1 cwt. 
if the effort be not of great duration. 

L the leverage of P, or the distance of the .point of appUcation of this force 
from the axis of rotation of its lever. 

D = diameter of the large piston. 
d = diameter of the small piston. 

I ~ leverage of the resistance offered by the piston 'to the movement of the 
lever of P ; this resistance is equal to the pressure of the water upon the 

small piston, or to P -/ - 

. ■ . ■ . Ju, „ , ^ 
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But the passive resistauces of the machine, and especially the friction of the piston 
against the sides, diminish the real value of Q, so that it varies from 0*80 Q for small 
efforts to 0*85 Q for greater ones. The ratio of the speed of the large piston to that 
of the smaller one is equal to the inverse ratio of the sections, or of the squares of 
the diameters of these pistons. 

The Rope Pump of Vera, although rarely employed, in some positions might he 
made to render very valuable service on account of the simplicity of its construction, 
notwithstanding the useful effect produced is but small. 

It consists of an upper and lower pulley formed in the usual manner, hut with 
several grooves in each; endless ropes of loosely spun horse-hair or wool are made to 
revolve with great rapidity upon these, by means of a multiplying wheeh connected 
with the upper pulley. The lower pulley, together with a great part of the ropes^ 
moves in the water, which is merely raised by adhesion to the ropes and the rapidity 
of their motion. 

Water has been raised in this manner about 180 feet by a rope 1| inch girth, hut 
the useful effect was only -fths of that which could have been obtained by a windlass 
and buckets. Perhaps larger cords and a less lift might increase the useful results, 
hut this machine can only be recommended in cases where hand-labour is easily 
obtained, and it is difficult to get the repairs of more perfect pumps economically per- 
formed, as, for instance, in some of our Eastern Colonies. 

The machine invented by M. Viallon consists of the application of the ‘ canne 
hydraulique’ of the French engineers, — a term for which we have no equivalent, so 
little is the machine known. An upright pipe is placed in the liquid to be raised, and 
upon the bottom a valve opening upwards is introduced. If the lower end of 
the tube be sunk from 12 to 15 inches below the surface, the water will rise through 
the valve, and stand at the same height within as without. If the tube be now raised 
quickly, but not above the water, the valve will close, and the water within will he 
carried up with it : when the machine is thus at the highest point, let the motion be 
suddenly reversed, and it will be found that the liquid column within will continue to 
ascend until the momentum imparted to it at first shall have been expended. A 
vacuum will thus he formed in the lower part of the instrument, into which a fresh 
portion of water wdll enter. After this operation has been repeated several times, 
and if the movement be well regulated, the valve becomes useless, for the water iu 
the pipe will acquire a constant ascensional movement. 

The effect evidently depends upon the rapidity with which the instrument is 
worked, — i. e. a sufficient velocity must be given to the water by the upward stroke 
to prevent its descending till the tube again readies the lowest point. The tube 
must be straight, and the bore perfectly smooth and uniform, that the liquid may flow 
through with the least possible obstruction. As its length must be equal to the 
elevation to which the water is to be raised, it is necessarily of limited application, 
and especially so since the whole (both water and apparatus) has to he lifted at every 
stroke, — not merely the liquid that is discharged, but the whole contents of the 
machine. 

By making one portion of the tube to slide upon another that is fixed, it would be 
possible to obviate this inconvenience to a certain extent ; but practically it is found 
that the loss of power is so great as to render the use of this machine too expensive 
for ordinary purposes. 

Wirtz^s Pump is rather an ingenious combination of the Persian wheel and the 
pressure engine. It consists of a spiral pipe coiled round in one plane, the interior 
end of which at g is united to an ascending pipe h, and the open end is enlarged so 
as to form a scoop, a. In operation, the air and water respectively enter the scoop ; 
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Quality of 
Waters, 



the body of water in each coil will have both its ends horizontal, and the included 
air will be of about its natural tensity ; but as the diameters of the coils diminish 
towards the centre, the column of water, 
which occupied a semicircle in the outer 
coil, will occupy more and more of the inner 
ones as they approach the centre g, till 
there will be a certain coil, of which it will 
occupy a complete turn. The water will 
consequently run back over the top of the 
succeeding coil, and push the water within 
it so as to raise the other end. As soon as 
the water rises in g h, the escape of air is 
prevented, and the water entering the scoop 
on one side, together with that in the tube 
G H on the other, will press upon the air 
between them, and the water will be forced 
up G H to a height corresponding with the 
elastic force of the air ; but the height to 
which it can be raised can never exceed the sum of the altitudes of the liquid 
columns in the coils. 

List of Authors conmlted, 

A Treatise of Mechanics, by Dr. 0. Gregory— Encyclopsedia Britannica, art. ‘Hydrau- 
lics and Rivers’ — ^Treatises upon Hydrostatics and Hydraulics, published by the Society 
for the Diffusion of Useful Knowledge— Encyclopedic Roret, art. ‘ Irrigation et Assai- 
nissement des Terres’—D’Aubuisson des Voisins, Traits d’Hydraulique — Claudel, 
Formules a FUsage des Ingenieurs — Morin, Aide-Memoire de Flngenieur^ — Belidor, 
Architecture Hydraulique — Navier, Resume des Lemons donnes aFEcole des Pouts 
et Chaussees— Hachette, Traite des Machines — Peyronnet, CEuvres de (in 4to) — The 
Works of Bidone, Michelotti, Dubuat, Coulomb, Mariotte, Poncelet, Eytelwein, Wiebe- 
kin— Philosophical Transactions of Royal Society— Tatham’s Treatise on National 
Irrigation— Stephens on Irrigation— Nadault de Buflfon, Traitd de Flrrigation— 
Sproule’s Practical Agriculture— Girardin, Trait! de FAgriculture — Annales des 
Mines— Annales des Ponts et Chaussees— Burat, La Geologie appliqude, &c.— 
Ewbauk’s Hydraulics and Mechanics— Sganzin, Cours de Construction. 


WATEE SUPPLY,*-— ‘Water is so essential an object in all domestic or 
industrial operations that the means of securing a copious and economical supply 
become subjects of the highest interest. 

All waters are not, however, equally fitted for what we may call domestic pur- 
poses. Of late, much has been asserted upon the subject, which subsequent examina- 
tions would lead u's to doubt, especially with reference to the qualities of the particular 
class of waters containing in solution the bicarbonate of lime. No examination of the 
physiological bearings of the question has hitherto been made in sufficient detail to allow 
the exclusion of that or any other class of spring water, free from mineral salts in 
notable quantities. This is to be regretted, for the waters taken into the system are 
known to produce effects which are not only injurious to the present, but may 
he transmitted to future generations. M. Chossat, of Geneva, instituted a series of 
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experiments upon birds to ascertain tbe eifect of depriving their water and food of the 
bicarbonate of lime, feeding them otherwise in the ordinary way. The result was, 
that their bones were so materially altered that they became unable to support 
the weight of the body; the calcareous salts of the bony skeleton were, in fact, 
re-absorbed into the system. The inference drawn by M. Chossat from these experi- 
ments was, that unless the calcareous salts were supplied by the liquid or solid food, 
there would ensue a gradual wasting away of the system, which would reappear in 
the second generation in the form of rickets. The constitutional tendency of the 
inhabitants of peculiar districts to particular complaints, such as the goitre and 
urinary secretions, which are universally attributed to the chemical nature of the 
waters, shews that the importance of this branch of phj^siological inquiry cannot be 
too much insisted upon. 

Without entering in detail into an examination of the action of waters upon the 
human frame, it may suffice in the present uncertainty attached to the subject to state, 
in the words of Thenard, that they may be pronounced to be fit for domestic use when 
they are fresh, limpid, and free from smell,— when they boil vegetables without affect- 
ing their colour, and dissolve soap without leaving curds. They should be very 
slightly affected by either the nitrate of baryta, the nitrate of silver, or the oxalate of 
ammonia, and when evaporated, the residuum should be very small. Potable waters, 
it appears, are improved by the presence of carbonic acid gas, which in the present 
^ate of the medical science is considered to assist the operation of digestion. MM. 
Bupasquier and Chossat appear to consider that the presence of a certain portion of 
the chloride of sodium, and particularly of the carbonate of lime, is essential in all 
waters intended for human consumption. 

In the above indications of the qualities of water it is to be observed that 
the action upon the colour of vegetables and upon soap arises from the presence 
of the carbonate of lime, or from other modifications of that base. The oxalate of 
ammonia produces deposition of the sulphates of lime; the nitrate of silver deposes 
the chlorides ; the nitrate of baryta the sulphates of other bases. 

The temperature of water used by human beings is a condition of nearly as great 
hygienic importance as its chemical nature. The best water is that which has a con- 
atat temperature,— that is to say, compared with the atmosphere it should be warm in 
winter, cold, in summer. Haller asserts that it is advisable not to use a water whose 
temperature corresponds too closely with the state of our own organs, and that when 
It IS of a.temperature below that of our body, it quenches thirst, not only by moisten- 
ing, but also by changing the state of the organs. It follows, that a smaller quantity 
of cold water will, suffice than either temperate or warm water, and it is very certain 
that the coolness even of a water, otherwise bad, will render it more agreeable than 
one which nevertheless may be of a far superior quality if it be warm. 

Aeration is algo an important quality of water destined for human consumption ; 
the oxygen thus communicated forms, in fact, an essential element in its salubrity 
The quantity of oxygen which can enter into combination with water differs 
according to the elevation of the source and the length of time during which the stream 
may have been exposed. According to Saussure, the proportion of air suspended in 
running water varies from 5 to 3-25 per cent. Boussingault considers it to be 3-5 
but evidently the pressure to which the water is exposed must influence the precise 
proportion. In the Cordilleras, for instance, at a height of about 2J miles above the 
sea, there does not exist a sufficient quantity of air in suspension in the waters to 
support hfe in fishes. Humboldt and Provencal make the proportion of air in river 
waters even less than that quoted above, for they state that it is only 0-0287 of the 
volume of the liquid; but at the same time it would appear from their researches that 
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tWs air contains amucTi larger dose of oxygen than that of the atmosphere : in gene- 
ral the air suspended in water contains 32 per cent, of oxygen. The presence of the 
air may be ascertamed by the simple operation of boiling, when it will be given off in 
bubbles, or by mixing with the water a small dose of sulphate of iron to which a few 
drops of ammoniac are added. If this operation be carried on in a position sheltered 
from the atmosphere, and any air be present in the water, a white precipitate will be 
formed, passing subsequently to green and to a yellowish orange colour. 

Potable water must be free from vegetable or animal matters : the least inconve- 
nience attached to their presence arises from the deoxygenization of the air in suspen- 
sion, and their decomposition,which takes place rapidly under the conditions of contact 
with the air and the existence of moist heat, renders the water putrid. The presence 
of these matters maybe detected by chlorine solutions, or by an infusion of gallic 
acid; but they often entirely escape observation in chemical analysis, whilst it as 
frequently happens that waters notoriously unwholesome present traces of organized 
matter so feeble as hardly to be appreciable. A careful observation of the effects of 
any particular water upon human beings, or upon the animals using it, is therefore 
as essential as a chemical analysis. Indeed, organized life is a far more delicate 
re-agent than any that can be inferred from the colour of a precipitate ; its indications 
therefore must he attended to even more than the grosser indications of chemistry. 
Dr. Angus Smith, in addition, has remarked, that the waters kept in large towns con- 
tain a peculiar organic matter, and that they part with it in a variety of ways, parti- 
cularly by tbeir transformation into nitrates. He adds, that water, from whatever 
source it may be derived, cannot be kept for a long time in a state of purity, unless 
upon a very large scale, and that it is advisable to use it as soon as possible after it 
may have been collected or filtered. 

Rain water collected in the open country, or at sea, a short time after the com- 
mencement of a shower, (for the first drops that fall carry down the impurities in 
suspension in the lower strata of the atmosphere,) is the purest which can be 
obtained. In storms it sometimes contains nitric acid ; at all times it is aerated, hut 
fiat and insipid to the taste, and is likely to cause colics. For industrial operations it 
is, generally speaking, considered to be the best. 

Snow water is without air, and usually deposits a small quantity of dust on being 
melted. Ice water is bright and pure, but difficult of digestion. The peculiar and 
loathsome disease called the goitre is usually attributed to the use of dissolved snow; 
but the healthy state of the crews of Capt. Parry's ships during their long arctic 
voyages, when they had no other resource than the dissolved ice, would appear 
to shew, that if proper precautions be taken, it may become a valuable source of 
supply under similar circumstances. 

Spring water is considered by the public generally, and by most empirical writers, 
to be the most fitted for hnman consumption, whilst many scientific men prefer river 
waters. Absolute a priori opinions upon this subject are excessively dangerous, and 
it is possible that the error may be equal on both sides. Springs differ in their 
qualities according to the nature of the strata they traverse ; chemical analysis and 
medical experience must therefore decide whether they be of a proper quality or not. 

Rivers are produced by the confluence of streams and springs, and consequently 
near their sources their waters participate in the qualities of the latter. In their 
course, however, they acquire a degree of purity they may not have possessed at their 
origin, if they run upon a rocky or clean sandy bed, and do not receive the organized 
matters draining from the lands traversed. The assertion which it has lately been 
attempted to convert into a law, viz,, that ‘the nearer the source the purer the 
water,' is, therefore, only to be received with a reservation. Like all other attempts 
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to dogmatize on subjects of natural history, it would be dangerous to admit the uni- 
versality of the supposed principle ; indeed, in the majority of cases spring waters are 
improved in quality by exposure to the air, if at the same time they flow with a cer- 
tain velocity. They part with any excess of carbonic or sulphuric gases they may 
contain, they depose their earthy carbonates, they absorb oxygen, and if they should 
meet with other springs charged with ingredients different from their own, they may 
mutually purify themselves. But although the agitation and exposure to the atmo- 
sphere may facilitate the deposition of certain salts, there are others, such as the 
sulphate of lime, the chloride of calcium and magnesium, which are retained much 
longer. Often when a confluence of two rivers takes place, the distinguishing 
elements of both of them may he traced for a considerable distance. The banks of the 
Seine furnish a remarkable instance of this fact; for some miles below the junction of 
that river with the Marne, on the left bank, calcareous salts predominate on the 
right, the magnesian salts, associated with earthy matter brought down by the 
Marne, prevail. The quantity of solid matter in suspension in river water varies in 
almost every case. Thus, in 1834, Mr. Kerrisson found that the river Thames con- 
tained of solid matter ; the Seine is considered to hold 5 waters of the 
Garonne, at Bordeaux, ai’e so charged with matter as not to be purified after standing 
ten days ; the Rhine is stated to contain of solids in suspension in flood seasons, 
although the more accurate observations of Mr. L. Horner would only make it YErruTT* 
In the tropical regions the proportion is even greater, for Major Rennel states that 
the Ganges near its embouchure contains ^thof solid matter in suspension, and Sir G, 
Staunton estimated that the Yellow River, in China, brought down of earthy 
ingredients. Manfredi, the Italian hydrographer, calculated that the average proportion 
of sediment in all the running water on the globe, which reached the sea, was yts > 
hut modem investigations shew that this estimate is greatly exaggerated. 

The deposition of the earthy salts contained in spring water takes place in a very 
striking manner in the channels or pipes in which it may he conveyed. Sometimes 
this action is carried to such an extent that the capacity of the conduit is materially 
diminished. For instance, in the aqueduct passing over the Pont du Gard the sec- 
tional area is contracted by a deposition of carbonate of lime : in many cases in our 
own country the same eifect is produced ; and in others, where the waters contain 
the hydrous oxide of iron, the interior capacity of the pipe is diminished by a deposit 
of that material with remarkable rapidity. Waters of either of the descriptions 
alluded to would evidently be improved by a lengthened course over a clear rocky or 
sandy bed; but it is a matter of at least equal if not of greater importance that all 
contaminations from decaying vegetable or animal matter he excluded, and that the 
atmosphere with which they are in contact be pure. 

Well waters, if only raised from shallow springs or in small quantities, are liable to 
become stagnant, deficient in aeration, and to take up any soluble salts existing either 
in the ground or in the masonry. In towns, wells appear to contain large proportions 
of the nitrates, and- in London at least they are remarkably hard; at Manchester 
they are selenitic, but the presence of the nitrates appears to check the development 
of vegetable Kfe, unless it he that of a peculiar fresh-water alga. In the construction 
of wells, it is advisable to use silicious materials as much as possible, andr to employ 
the argillaceous cements : a precaution of still greater importance is to place the 
wells in such positions as to remove them, from the influence of dung-pits, cess-pools, 
grave-yards, or other receptacles of decomposing organic matter. The distance through 
which the putrid waters from the latter are able to filtrate renders it advisable lo 
adopt every possible precaution against tbeir entry. The subject of wells will, 
however, be treated more in detail under that head. 
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The waters of large lakes are of a quality intermediate between those of rivers and 
of pools; they must, however, be always exposed to acquire, in variable proportions, 
—of course, according to their dimensions,^ their exposure to the wind, and the nature 
of the rocks upon which they repose,— the qualities of stagnant waters. Ponds and 
canals are necessarily still more aifected by these qualities ; marsh waters possess 
them to such an extent as to warrant us in laying down the absolute law that they 
should never be resorted to. Stagnant waters are for the most part saturated with 
gases arising from the decomposition of the vegetable and animal matters they may 
contain or receive, and the contact of the hydrogen gases with the sulphates turns 
the latter into foetid sulphurets of the most repulsive and noxious description. 

These remarks upon the nature of pond waters have a practical bearing upon a 
mode of collecting the rain-fall over particular districts, which has been lately brought 
before the public in a prominent manner, under the name of * Gathering Grounds.* 

In that system, as it is necessary to store the excess of the winter rains to insure an 
average supply during summer droughts, it is necessary to form reservoirs of con- 
siderable capacity. It is indispensable, therefore, in order to insure a comparative 
degree of purity, that the water should be received into reservoirs constructed of 
materials which are neither able to impart any soluble salts nor to develop any vege- 
tation. The form of the reservoirs must be such that the lowering of the water-line 
should not leave broad belts of moistened earth or masonry ; in fact, they should be 
as nearly as possible vertical. But even when these precautions have been observed, 
waters stored for any length of time part with their air, become deoxygenated, and 
allow any chemical reactions between the ingredients they may take up from the 
ground over which they flow to develop themselves under the most favourable con- 
ditions. In some of our East Indian Colonies it is often necessary to construct 
‘tanks,’ for no streams or springs are to be met with. In such cases, the faces 
exposed to the water must be executed with silicious stones bedded in cement, and 
the tank must be covered. The geological configuration of the tropical regions may 
possibly justify the adoption of this system ; hut, and especially in our own country, 
it can only he exceptionally that it can be advisable to resort to the system of storing 
rain or surface waters, should any streams flow within a reasonable distance of the 
locality to be supplied. It cannot, however, be too often repeated, that Engineering 
is a science of expediency, — ^of the adaptation of means to the end. No absolute 
law can be laid down in any case, but every individual one must be regulated by 
the peculiar circumstances aflecting it. 

Should it ever be necessary to use stagnant water, it may be purified from its 
noxious gases by ebullition, and in the same manner the organic matters in suspen- 
sion will be deposited. It should then be filtered through sand, or it would be pre- 
ferable to pass it through pulverized charcoal. Air may be communicated by allowing I 
it to fall from a height; or, if only small quantities he operated upon, agitation or 
simple exposure to the atmosphere for a few hours will suffice. Habich states that 
stagnant water may be purified by mixing with it a compound of 1 part of quick- 
lime and 2 of alum, or 4 of animal charcoal and 1 of alum, in the proportions of 1 of 
the compound, in volume, to 1000 of the water; and leaving them in contact for a 
night will usually he sufficient to attain the desired purification. It might be pre- 
ferable to throw the pounded charcoal into the water overnight, and to add the alum 
on the next day.* 

* At tlie Cape of Good Hope, where the frontier rivers are frequently impregnated with the soil \ 
from the mountains, being mixed with mud, equal to ^th and ^th of the volume, it was the practice 
to put a small lump of aluni of about ^ inch cube into two quarts of water, when, after a few hours, ^ 
it became fit to use. — EdUors. 
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When a copious supply of water possessing the requisite sanitary qualities shall 
have been secured, there remains to be settled the means of conveying it to the place 
where it is to he consumed, and of distributing it from bouse to house. It rarely 
happens that the supply is to be met with in such positions as to satisfy all the con- 
ditions of a theoretically perfect distribution. The sources are situated either at a 
great distance from or at a lower level than the place wdiere they are to be used, so 
that it is almost always necessary to conduct them, from a great distance or to raise 
their waters artificially. 

Volume of source. The first operation required in all works connected with a distribution of water is 
to ascertain the volume which may be required within a definite space of time in the 
dilferent seasons of the year, as also the possibility of any eventual modification in 
its quantity. If the source of supply decided upon, in consequence of the chemical 
analysis, be from springs, they should be carefully gauged; and, if possible, the 
observations should be extended over the number of years constituting the cycle of 
climatological changes in the locality. Should it not be possible to carry out these 
observations to the extent mentioned, it would be preferable to draw conclusions from 
the average worldng power of any mills, should such exist ; because isolated gaugings 
are as often likely to indicate a flow as far below the average as they are at others 
likely to indicate it in excess. 

Modes of ooTi- The second operation is to settle the point to which the waters are to be conducted 
ducting. supply. p^-gy^Q^giy distribution to the respective tenements ; and to establish between 
the source and the distribution a conduit whose section and inclination shall be suffi- 
cient to insure the delivery of the quantity required, should the water flow between 
the respective points by gravitation ; or to provide the means of forcing the water to 
a higher level in case the point of supply be placed below that of distribution. It is 
desirable that the latter be placed at as great an elevation as possible, in order to 
facilitate the distribution into all parts of the district to he supplied, and to deliver 
the water at the most elevated positions therein. 

Water may be conducted between the extreme points of the source either by means 
of open canals or by lines of pipes following an uninterrupted direction, but at the 
same time adapting themselves to all the inequalities of the ground. In the former, 
the water only receives upon its surface the pressure of the atmosphere, and its 
movement results simply from the inclination of the bed. In the latter, the water 
usually occupies the whole internal diameter of the pipe ; it exerts upon its sides a 
pressure, which is the greater in proportion to the difference of level between the 
pipe and the source, or what is usually called the ‘head,’ — and it acquires a velocity, 
which, if all other things be equal, depends also upon the head, 

Raising water. Water may be raised by means of many different machines already noticed in the 
article on ‘ Water Meadows.’ For all practical purposes, however, our attention may 
be confined to pumps, whether suction or forcing, which are set in motion by steam 
engines or water-wheels. 

X^istribution. The distribution into the respective parts of a towm is effected by means of a series 
of mains and submains carrying it to the positions 'where the consumption will take 
place. 

Modes of con- When the source of supply is situated at a great distance, it w'ould appear, from 
ducting supply. , before said, that it is decidedly better, so far as quality is concerned, to 

conduct the waters in open channels, than in either covered aqueducts or in pipes. 
But as there can be no absolute rule in engineering works, so in this particular 
instance circumstances may require that either of the latter methods should be em- 
ployed in* preference to that of open conduits. For instance, if the atmosphere of the 
locality through which the waters flow be contaminated from any natural or artificial 
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cause, the effects consequent upon exposure to it will he injurious rather than bene- 
ficial. If the temperature be elevated, not only will the waters be rendered disagree- 
able as a beverage, but frequently they will be chemically deteriorated, and a serious 
evil will be encountered in the evaporation if open channels be used. In tropical cli- 
mates, therefore, or near large manufacturing towns, covered conduits are necessary ; 
in the open country of temperate climates they should be open. Such channels as 
the New River, near London, ought to he covered: the deteriorated quality of the 
water of the Croton Aqueduct would lead to the belief that the latter channel ought 
to have been open in the greater part of its transit. 

If the water be not conducted in pipes, hut in an open channel, the fall must be 
uniform in the whole length, and the inequalities of the ground must be overcome by 
means of embankments or bridge aqueducts, which may he occasionally of three stories 
in height. The ancient Romans have left some very remarkable works of this descrip- 
tion, such as the aqueducts of Evora, Merida, Segovia, Nimes, Metz,&c. The govern- 
ment of the Lower Empire did not neglect these works either, for the aqueducts near 
Constantinople are upon a colossal scale. In more modem times, the aqueducts of 
Spoletto, Genoa, Caserta, Lisbon, Marly, and Roquefavour, may be cited, even if we 
leave out of consideration such works as the New River, the Canal de TOurc, and the 
Croton Aqueduct. 

If the water be conducted by a pipe constantly Ml to a certain extent, providing a 
sufficient head exist at the upper extremity, it may be made to overcome any differ- 
ence of level, by descending one side of the hill and rising on the other, as in a 
reversed syphon. The Romans occasionally resorted to this manner of obviating the 
effects of deep valleys, hut in consequence of their ignorance of metallurgic arts, their 
means of executing such syphons entailed too great an expense to allow of their fre- 
quent employment. A very remarkable instance of this kind of Roman construction 
is to he found in the aqueduct of Lyons. 

Should it be determined to lead the water to the point of distribution, supposed to 
be at a sufficient elevation to insure the house service by gravitation only, the dimen- 
sions of the channel will he ascertained by the formula already noticed in the article 
on * River Navigation.' 


Q 


Q — S V, from which we have t? = 


Q ^ the quantity discharged per second, 
S the section of the water-course, 

V ^ the mean velocity of the discharge. 


According to De Prony, the inclination I will be, 
P ~ the wet contour of the aqueduct, 


: L (a 2, 4. ^ 2,2^. 


a 5 = a coefficient of 0*0000444, 
d = a coefficient of 0*000309. 

Eytelwein makes the coefficients respectively, a ~ 000024, and b =» 000365. It 
appears that for small volumes the coefficients given by De Prony are the more- 
correct, but that those of Eytelwein are more applicable to large nvers. 

Calling the quotient of the transverse section of a water-course, S, by the wet- 

' . 'g ■ 

contour, P, the mean radius, or R ; it will he R p ; and the formula of De Prony. 

gives by substituting for and ^ their values as above, 

R 1 = 0*0000444 V + 0*000309 
from which w^c may deduce 

t; = V O^O^S' + 3233*428¥I - 0*07185, 
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2^ = 56-86 a/RI- 0-072. 

From tRese formnlEe, knowing the value of I and R, that of «? may be ascertained; 
or equally, what ought to be the inclination I, so as to insure a velocity 

O' 

The value of R depends upon that of the section S and the form of that section, which 
is much influenced by local circumstances. If the aqueduct be in wood or in ma- 
sonry, the sides may be made vertical ; and in order to reduce the wet contour to the 
lowest dimension, so as to present the smallest frictional area, it is advisable that the 
width should be equal to at least twice the depth. If it be in earth, the sides should 
be inclined, and the width vary from four to six times the depth of the water. 

These formulm are precisely identical with those used in settling the dimensions 
and fall of canals or derivations ; but inasmuch as conduits for town supplies are 
usually executed in masonry, they can more easily be made to pass under-ground in 
headings, and the bridges they require need not he of such large dimensions as those 
for canals. The conduits in the former case are necessarily covered either by arches 
or landings ; in the latter the practice of engineers varies according to circumstances. 
The Roman aqueducts were made so as to insure their being 2 feet below the level of 
the ground ; if in embankment, they were usually covered with about 2 } feet of earth. 
In the Croton Aqueduct the depth of this covering is increased to about 4 feet ; and 
unless the height of the top water-line exceed 25 to 30 feet above the low^est part of 
the vall-ey, it is carried upon a solid wall of masonry. 

In the construction of the conduit care should be taken that the materials employed 
be of a nature which should not be likely to affect the qualities of the water, and that 
the most perfect impermeability should be attained. Silicious stones, flre-clay bricks, 
or decidedly argillaceous limestones, should be preferred to such as are able to furnish 
readily the bicarbonate or sulphate of lime. Hydraulic limes (or better, Roman 
cement) alone should be used ; but great care is required in the selection of this class 
of materials, because many of the most efficient cements are exposed to the serious 
inconvenience of giving out the salts (the nitrates or muriates) of soda. The Romans 
used an artificial cement composed of lime, sand, and pounded bricks, laid on in two 
thicknesses, the second of which was evidently worked up carefully with the hand- 
trowel. In many situations this process might be advantageously adopted at the 
present day.* 

The dimensions of the different parts of conduits must depend so much upon the nature 
of the ground to be traversed, and the resistances which they may be required to offer, 
that it is dangerous to lay down any general rule. In subterraneous aqueducts it is 
usual to make the width in the clear about 3 feet 6 inches, with a height of about 
7 feet, in order that they may be visited easily ; hut these limits must vary according 
to the quantity of water to be conveyed. If the foundation be good, it would not be 
necessary to make the floor more than from 13 to 14 inches thick, without includiug the 
layer of concrete beneath it ; the side walls should be from 1 foot 10 inches to 2 feet 
3 inches thick ; and the arched covering about 14 inches thick at the key if the super- 
incumbent weight be not very great. 'When the conduit is carried over valleys, tlie 
thickness of the solid sustaining masonry is made somewhat greater than the external 
dimensions of the aqueduct immediately below the floor, and a slight batter is given 
on both sides ; and in bridge aqueducts a set-off is made at each tier of arches, should 
there be more than one. 

The practice of the Romans in the construction of large bridge aqueducts is far 


‘ Tkis process is common in Sicily at this day.— jETcJiYorA*. 
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more to be depended upon than the bold style of engineering introduced by Railway 
Engineers, especially in countries exposed to volcanic action. The openings they gave 
to their arches, when executed in ashlar, varied from 24 to 48 feet generally, although 
in the Pont du Gard the arches over the river have spans of 75 feet 8 inches. When 
executed in mixed ashlar and rubble, the spans were naade from 18 to 36 feet ; when 
in rubble cased with brickwork, from 12 to 24 feet. The thickness of the piers 
measured in the direction of the axis varies from Jth of the span in the Pont du Gard to 
about "|th in the aqueduct of Segovia, executed like the former, in ashlar. When the 
arches and piers were of brickwork or rough stones, the piers varied from |rds to of 
the spans. If there were several ranges of arches, the first from the ground was usually 
made 2^- times its clear opening from the ground to the under-side of the key ,* the 
second about -J-th less in height, and the third l-th less than the second. The space 
between the arcades was usually -^th of the height of the first range under the key. 
Up to a total height of 84 feet the arcades were made of only one range ; from 90 
to ICO feet they were made in two ; from 180 to 250 feet, in three ranges. 

Small wells were formed at distances of about every 100 yards, to allow the depo- 
sition of any extraneous matters iu suspension; visiting and air funnels were also 
placed from distance to distance. 

In the Croton Aqueduct the principal details enumerated above were faithfully 
copied, and notwithstanding- the criticisms of some modern writers, they may be 
still considered, in spite of some defects, to be those called for hy the necessities 
of hot climates. In the Roman aqueducts aeration was partially secured by dis- 
charging the water from the conduit into large basins or castella. In the house dis- 
tribution, however, the manners of the ancients gave rise to so different a system 
from our own, that it is probable that the fountains in every house would obviate the 
want of aeration in the aqueduct itself. The Croton Aqueduct is even more deficient, 
insomuch that no method is adopted to supply the requisite quantity of air; and it is 
also to be observed that the system of forming immense artificial lakes at the head, 
as there executed, is objectionable, on account of the facilities it affords for the 
chemical actions upon organized matter. The Romans almost invariably resorted 
to springs whose flow was perennial, instead of storing the flood-waters upon the 
principles adopted by the American engineers. 

The main feeder of the distributing pipes of Paris is a good example of a conduit 
in solid masonry. The larger one is about mile long, and has a total fall of 
4 inches only in the length ; the smaller one is a subsidiary branch into one of the 
most popular quarters, and is about 333 yards long. 
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Syphon bridges. 


In some cases where the depth of the valley is very great, and the number of arches 
required to overcome the difference of level becomes too considerable, bridge aque- 
ducts have been replaced by syphon bridges. In these the pipes are made to follow 
the contours of the valleys, but any sudden irregularities are compensated for by a 
series of low arches, with a regular inclination upon the sides, and by an ordinaiy- 
bridge in the bottom. On the summits of the respective hills are placed reservoirs, 
and the water descending from one will rise into the other, to a height corresponding 
with the head upon the pipes minus the loss arising from the friction, and any differ- 
ence in the sectional area of the pipes from that of the conduit. The pipes forming 
the syphon may be either of lead or iron, the thickness being necessarily in proper^ 
tion to the head upon them. 

In the course of the Roman aqueduct leading the waters from the Mount Pila to 
Lyon is a very remarkable syphon bridge of this description. The valley itself is 
about 2600 feet across, with a depth of 217 feet, but there is an arcade in the lower 
part reducing the length of the descending limb to 164 feet : that of the ascending 
limb is 142 feet 2 inches ; and the length of the arcade is about 460 feet. The pipes 
are of lead; for one-half of the descent they were 8| inches diameter, and l^th 
inch thick; and for the remainder of the descent, along the level arcade, and for the 
first half of the ascending limb, they bifurcated into smaller pipes 6 inches in dia- 
meter; at the last point they were re-united into pipes of 8 inches diameter, and so 
continued to the lo-wer ^castellum. There were nine pipes communicating with 
the castelia, and eighteen upon the bottom part of the syphon. 

The aqueduct of Genoa has also in its course a syphon bridge, traversing the valley 
of the torrent Geivato, between the hills of Molassana and Pino. The horizontal dis- 
tance between the two extremities is about 2193 feet 7 inches : the level part of the 
syphon is 164 feet below tbe upper reservoir, and the ascending limb has a perpendi- 
■ cular height of IbITeet 8 inches, making the loss of bead 24 feet 4 inches. The pipes 
are of cast iron, in lengths varying from 2 feet 6 inches to 2 feet 10^ inches ; their 
diameter is nearly 14| inches, their thickness about f of an inch. This syphon is of 
modern date, it was erected in 1782. But the most important syphon ever executed 
is, perhaps, the one in the Manhattan Valley of the Groton Aqueduct, which has actu- 
ally two pipes 5 feet in diameter, with a vertical depression of 102 feet : it is proposed 
eventually to lay down two other pipes of the same diameter. 

In works of this description it is necessary to provide means for discharging the 
air brought down by the water, which has a tendency to accumulate in the lower por- 
tion of the syphon. The ancients effected this object by means of an ascending pipe, 
rising from near the point where the change of direction is from the descending to the 
horizontal part, to a height somewhat above the castellum at the head. In modern 
syphons, air vessels which allow the escape of the air when it attains a certain pres- 
sure are used for this purpose. 

When valleys of great width are to be traversed, a series of syphons may some- 
times be advantageously formed upon the principle of the Souterazici of the engi- 
neers of Lower Greece and of the Turkish empire. These consisted of pipes starting 
from an upper reservoir, descending to the bottom of the valleys, and rising again 
into a series of intermediate reservoirs, serving both as a means of discharging the air 
and as head reservoirs for the subsequent divisions of the syphon. The intermediate 
reservoirs are erected upon pier« of masonry, at gradually diminishing elevations, on 
account of the loss of head occasioned by the friction of the bends. The distances 
apart of the piers were usually made about 500 or 1000 feet, and the difference of 
level between the water in two separate reservoirs was usually 4 inches. 

Conduits in masonry, if forced to pass in the direction transversely to a line of hills, 
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must oecasioBally be earned through them in tenels. If tbe height of the hffl does 
not exceed 2S feet, a syphon, set into action by filling both limbs from above, will 
carry the water over them ; but in such works greater precautions are necessary than 
in the descending syphons, because if any appreciable quantity of air accumulate in 
the upper part so as to occupy the bend, the action of the syphon will be stopped. 
From numerous experiments it would appear that a velocity of 14 inches per 
second is indispensable to prevent the fermentation and decomposition of the organic 
matters contained in any water-course in w^arm weather. This limit should be adhered 
to as closely as possible, in order to secure the delivery of the water at the highest 
point in the position from which the distribution will take place. 

Should the quantity of water to be conveyed not be of sufficient importance to 
justify the construction of an open conduit in masonry with a uniform inclination, or 
should the water he derived from a source situated at a lower level than the distri- 
buting reservoir, into which it is to be raised by mechanical power, it is necessary to 
employ pipes. 

Pipes are occasionally of wood, of pottery, of cast or wrought iron, or of lead. 

Wooden pipes are exposed to the serious objection that they communicate a dis- 
agreeable favour to the water in many cases, and they are ill-adapted to the infinite 
modifications required in a house distribution. 

Pottery pipes are economical, and often the most fitted to convey spring w^aters 
containing certain soluble salts. They are not able, however^ to support a great 
pressure of water ; and, generally speaking, they occasion a sufficient degree of fric- 
tion to cause the earthy matters in suspension to deposit. It is found practically, 
moreover, that the roots of trees, which naturally absorb much water, will be 
attracted towards them from great distances, and that eventually they force their way 
through the mortar joints, and choke up the bore of the pipes. The use of cements 
attaining the hardness of the Portland cement might obviate this inconvenience to a 
certain extent. 

Pipes of cast iron are generally preferred, on account of their strength, of the faci- 
lity with wliich they can he adapted to any change of direction, and of their dura- 
bility. Some waters appear, however, to exercise a remarkable influence in developing 
their oxidation, thus giving rise to the formation of tubercles which diminish the 
sectional area of the pipes, and render frequent examination and cleansing necessary. 
This subject is still involved in considerable obscurity ; but in a note inserted by 
M. Payen in the * Annales des Ponts et Chaussees,^ 1837, will be found a summary 
statement of the received opinions upon the subject. It appears from this, that 
aerated waters, slightly alkaline, are the most likely to produce the effect above 
mentioned. Grey cast iron is more exposed to it than ■whiter metal ; and it appears 
that if the pipes he coated with a solution of hydraulic lime, or with linseed oil con- 
taining litharge, the formation of the tubercles is likely to be retarded. Chloride of 
sodium in small quantities exercises very great influence upon their development. 
Great precautions must be taken against the contraction and expansion of the rnetah 

Wrought-iron pipes have lately been introduced instead of cast iron, the inner face 
being galvanized, and the outer face protected by a coating of asphalte. It has been 
found, however, that very serious inconvenience is attached to their use; because, if 
by any subsidence of the ground below tliem the superincumbent weight should 
compress the pipes, the sectional area would be diminished without any external 
indication to shew where the interference with the flow existed. In fact, the elasti- 
city of these pipes is an evil : cast iron would, under the circumstances supposed 
above, either not yield to the pressure, or, if the latter exceeded certain limits, it 
would break, and thus render apparent (by the flow of water) where the injury had 
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taken place. Small pipes of wrought iron are, however, much used when there are 
no abrupt changes of direction. 

Lead pipes of large dimension are now seldom employed for the distribution of 
water, unless it be in the house services, as the pipes leading the water into houses 
are technically called. They can conveniently be drawn, up to a diameter of 3 or 4 
inches ; beyond that, they are obliged to he formed by soldering a longitudinal joint, 
or by casting. In the latter case, the length can hardly exceed 10 feet, which would 
require as many joints as for cast-iron pipes. Moreover, if the head of water be very 
great, the thickness would require to he proportionally increased. For house ser- 
vices lead pipes are the most convenient, on account of the ease with which they can 
he made to bend in any direction. 

Lead is exposed to be acted upon by certain waters ; bnt its effects, when so acted 
upon, are far more prejudicial to health than those arising from the decomposition of 
iron pipes. There is still great obscurity about this important chemical question ; 
but it would appear that there is some connection between the two actions, for the 
same waters which destroy lead by the formation of the carbonates, affect iron by 
giving rise to the formation of the hydrous oxides. 

The formula for ascertaining the thickness to be given to a cylindrical pipe 
exposed to a certain internal pressure is usually given as follows ; 

pf 

^ — in -which 

, , ^ . . 

p ss: the pressure per square inch ; 

r = the radius of the interior diameter ; 

c == the cohesive strength of the metal per square inch. 

In practice, however, the dimensions obtained by the application of the formula 
are sometimes neglected, and they are made, especially in the smaller diameters, 
thicker than theory would require, on account of the difficulty of obtaining sound 
eastings when the metal is of slight thickness. It is customary, also, to place two 
belts, of about 3 inches wide and -I- an inch projection, in the length of the cast-iron 
pipes when the diameter is above 3 inches. Mr, Hawksley adopts the formula 
A’ 0*18 to ascertain the thickness, making it, in fact, about ^ of the square root 
of the diameter. 

„ ■ The following Table gives the usual dimensions of cast-iron pipes, with their weights, 
up to 15 inches diameter. 
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The dimensions of lead pipes may be calculated by the formula sc- \ Mr. Jar- 

e—r ' 

dine, of Edinburgh, found that a pipe li inch diameter and inch thick resisted a 
head of 1000 feet, but that it burst with a head of 1200. Another lead pipe 
2 inches diameter, and also ^th inch thick, resisted ahead of 860 feet, hut hurst with 
a head of 1000 feet. The usual thickness of lead pipes in commerce is about l-th of 
an inch, and the weights per foot run are as follows : 


Belidor states that a large lead pipe 13 inches diameter and |§ths thick will resist 
a . pressure of three atmospheres. The pipes in the Gardens of Tersailles are 2 feet 
If inch diameter and If inch thick. 

In addition to the formula expressing the uniform movement in an open channel, 
before ^ven, De Prony also ascertained one to express the movement in a regular 
cylindrical pipe j it is as follows ; 

B J 

— « fl ^ O'0OOOX73 tJ + 0-000348 «rJ, 
from which we derive 


iomuite for 
bceiiient in 


mMiearly © w 53'58 0’025.^ 

•© » the mean uniform velocity ; 

D » the inner diameter of the pipe ; 

J =a the inclination per metre (or per yard) ; 

« « a coefScient, made by De Prony 0*0000173, and by Eytelwein 0*0000222 ; 

^ a coefficient, according to Be Prony 0*000348, and by Eytelwm 0*000280, 
When © is given, the discharge will he ascertained by the formula 

Q « S © ~ ^ ^ ® which S = = the sectional area of the pipe. 

'^^nieys gives a convenient formula applying to the case of a pipe of uniform dia- 
meter receiving its water from a reservoir at a high level, and discharging it constantly 
into another reservoir at a lower point. It is 

Q = c !LiXzJLD®, in which 


Q = the quantity to be discharged; D ~ the diameter; 

K = the length of the pipe ; f == the difference of level between the extreme 
orifices; 

H andH' the heads upon these orifices respectively ; 
c = a coefficient varying with the velocity of the water, as follows : 


The formula given in Beardraore’s Tables is, however, more simple, and sufficiently 
accurate for practical purposes. It is given to ascertain the discharge when the 
diameter, the head, and the fall of the pipe are known, but of course everybody who 
is accustomed to the use of formulae can ascertain the other terms of an equation if 


Thickness . 

1 in. 

ll-in. 

liin. 

I f in. 

If in. 

l|in. 

l|in. 

2 m. 

Weight . . 

4*85 

5*34 

5*81 

6*3 

6*79 

7-27 

7-76 

8*73 


Velocity per second 2 in. 

4 m. 

8 in. 

12 m. 

16 m. 

20 in. 

78 in. 03 

15*06 

17-22 

18*83 

19*50 

19*84 

20-07 

20-79 21-043 
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only one be unknown. The formula is 


2-356 X 


, in which d = the diameter in 


feet, h ~ the head in feet, and / = the length also in feet. Mr. Beardmore gives 
another formula to he used when the head, length, and discharge are given to find 


° h ^ 

the diameter; it is x = 0*235 in which / and h are as before, and ~ the 

quantity to be discharged. He has calculated the results of the application of these 
formulae, which will be found in his very valuable series of Tables. 

Avery important allowance has usually to be made in practice, on account of 
the friction at the changes of direction, or even on account of the irregularities in 
laying the pipes. Navier states that the loss of head occasioned by a bend may be 
ascertained by the formula 


2 ^\ 


+ 0*0186 


the loss of head, owing to the bend ; 

« == the mean velocity in the pipe ; 

r = the radius of the axis of the bend ; 

fl — the development of the arc formed by the axis. 

From this it would appear that jo is proportional to the square of the mean velocity 
and to the length of the arc, — it is a function of the radius, and independent of the 
diameter; and that jo diminishes in proportion as r increases. 

It is usual to make r of the following dimensions when side mains branch off from 
a leading one : 


Diameter . . 

2 to 3 in. 

3 to 4 in. 

6 in. 

Sin. 

10 in. and upwards. 

Radius .... 

I ft. 6 in. 

1ft. 8 in. 

2 ft. 6 in. 

3 ft. 6 in. 

5 feet. 


Beardmore gives as the formula upon which his Table of the Friction of Bends was 
calculated, • 

A = «;2j^s^ng2q.003, 

in which A = the theoretic loss of head ; = the mean velocity ; n — the number of 

bends if their angles be equal ; or, if they differ, then will be multiplied by the 
sum of their sines, and the product by the coefficient 0*003. Beardmore also 
observes very justly, that the loss of head varies not only according to the size of the 
angle, but also to the volume to be carried ; and that the square root of the hydraulic 
mean depth will the most correctly express the variable term of resistance, and the 
loss of head should be divided by this quantity, to give the real resistance. Accord- 


ing to him the formula for pipes becomes then, 


n sine® 0*003, 


he has calculated 


a Table whose results are sufficiently accurate for any practical purposes, upon these 
data. 

In vertical bends, the rate of delivery is further diminished by the collection of the 
air in the upper portion, and by the retardation of the flow occasioned by the fact 
that a definite proportion of the dynamical effect of the head is absorbed in over- 
coming the resistance of the column of water to be lifted on the lower side of the 
bend. To obviate these inconveniences, it is necessary, firstly, to place air-vessels 
over the upper parts of the bend ; and either to increase the diameter of the pipe 
before arriving at it, or to accelerate the flow in the portion above the bend. 
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In positions where main feeding pipes are exposed to shocks or to the action of 
frost, it is necessary to cover them carefully 'with earth or sand. Usually they are 
laid about four feet from the surface. It may frequently be necessary to lay down a 
double line of pipes, with occasional communications, to insure the supply when any 
repairs are required. In pipe-conduits of great length, the head will exercise very 
different effects at the lower extremities, so that it may frequently be 

advisable to vary the dimensions and thickness of the pipes. The form of the nozzles, 
or sluices, vrill often exercise a considerable influence upon the rate of flow, — and in 
fine, there are so many disturbing causes likely to interfere with the successful action 
of such pipe-conduits, that it is impossible to dwell too strongly upon the necessity 
for studying their most unimportant details. 

liitlierto we have only considered the case of a supply obtained from perennial 
springs at sufficient height to allow the water to flow by gravitation. But in the 
first jdace, there is almost always a great variation in the rate of supply by the 
springs, and in the consumption, which renders it necessary to equalize the flow by 
storing the excess of some seasons of the year against the want of others. In order 
to prevent the water thus stored in the reservoirs from becoming stagnant, it is 
advisable that they should be traversed by a running stream. The sides and bottom 
should be, as before said, in masonry, or of some material which would not he likely 
to contain the soluble salts ; and if near towns, or in countries where the heat is 
great, they should he covered over, if that course could be adopted within any 
reasonable limits of economy, because the difference in the cost of covered and open 
reservoirs is enormous. Open reservoirs for water supply may be constmcted at an 
average rate of £ 600 per million gallons in the greater number of localities in our 
own country ; the only large covered one erected of late years for that purpose cost 
£ 4000 per million gallons. It must then he a question to be considered whether the 
extra expense he absolutely required. 

The dimensions of the retaining walls of these reseriwrs will be ascertained by the 
rules already given. A horizontal circular section is not only the most economical, 
insomuch as it contains the gi‘eatest surface within a given development, but also 
because its form is the most fitted to resist the thrust of the earth, when the reser- 
voir is to be sunk in the ground. The floor of these reservoirs must be inclined 
towards a scouring or cleansing pit, and in addition to tlie induction and eduction 
pipes, it must have a pipe at the bottom of the cleansing pit, to be closed by a valve, 
and an overflow pipe. It is advisable also to establish a communication between 
the induction and the eduction pipe, in case any repairs should be wanted in the 
reservoir. 

The capacity of what may he called * compensation reservoirs’ must of course 
depend upon the variations in the supply, — in fact, according to whether they be fed 
by shallow or deep-seated springs, or by the collection of surface waters, and also to 
the rain-fall of the district. The latter is very variable, not only according to the 
seasons of the year and the latitude, hut also according to the elevation of the 
particular locality, so much so as to render it dangerous to lay down any a priori 
rule. Experience in our own country has, however, shewn that a supply equal to 
six months' consumption is required to be stored in the wet season, to insure the, 
means of an undiminished distribution in, dry weather, whenever the water is collected 
from the surface. It is also very questionable whether, on the average of a great 
number of years, it be possible to depend upon obtaining more than Jth of the rain- 
fall in any country exposed to long intervals of dry weather, however well the drainage 
may be performed. The very remarkable works executed by Mr. Thom at Greenock 
were designed so as to store six months’ supply, even in the comparatively very w^et 



mstrict of the Western Highlands of Scotland. The results obtained in the 
several canal reservoirs confirm Mr. Thom's precaution. 

It may happen, however, that although the yield of the springs from which the 
supply may he derived may he variable, they may yet possess a degree of constancy 
m their flow essentially different from the rain-fall. Thus, if the streams he given off 
from a geological formation of great thickness and with a great capacity for water, it 
will become to a variable extent, according to the circumstances of the case', a 
natural reservoir. ^ Long continued observations are therefore required to ascertain 
the extreme variations; for it is to be observed that as water-works are designed to 
insure a suppty under the most unfavourable ciroumstances, it is more necessary to 
know the minimum yield of the source of supply than the average. In England, the 
average cycle of the seasons is of about seventeen years’ duration; no gaugings 
of streams, then, are worthy of notice, unless they extend over that length of time 
Ihe ^ffereut conditions of the permeability of the water-bearing stratum will also so' 
far tfect the rate at which the rain water can reach the springs, and the proportions 
ot the water passed into the earth or evaporated from the surface, that it becomes 
even more impossible to reason a priori on the subject of springs than it is upon that 
of the ram-fall. . ^ 

adopted if the frequently happens that large centres of population are seated upon the 

.wlybcat alow hanks 0 rivers whose waters are perfectly fresh, whilst at the same time no source of 
suflBcient abundance can be found at an elevation such as to allow of its distribution 
y gravitation. London, Paris, Philadelphia, and numerous other cities, are in this 
position, and It becomes then necessary to raise water by artificial means. In the 
arge quantities required for a town consumption, the choice of the mechanical powers 
13 narrowed to either water-power or steam-power, and local ciroamstances must 
always decide which should be adopted. Wherever it is possible to obtain sufficient 
power from a stream, there can be no doubt but that a water-wheel will be the most 
economical ; and in such cases as the town of Eichmond in Virginia, Philadelphia, and 
Toulouse, It has been successfully applied. But in other cases, either from the inter- 
ference of tides, from the irregularity of the flow in summer, or the ice in winter, 
steam-power is indispensable; and, in fact, the improvements in the steam engine 
combing with the diminished price of coals have led in most cases to the suhstitn- 
tioii 01 steam-power for water-power. 

Engine power. E^neem at the present day appear to be agreed upon this point, that when the 
p • r o e engine required to raise the water exceeds 20 to 25 horses, the Cornish 
pnmpmg-engine is the most advantageous. Below that power the first cost of the 
engine becomes comparatively so much increased that it is preferable to emplov a 
bltd*i engine. The economy of working Cornish engines, moreover, 

hardly exists when they are small. 

T Meadows (anie), in Mr. Wicksteed’s account of the East 

London Water -Works, his papers on the Cornish Engine, and in Mr. Poole’s valuable 
treatise on the latter subject, will be found more copious and useful infonnation. 
The reader is ^so referred to Mr. Hawksley’s evidence before several of the late 
Miamentaiy Committees, to the account of the PubUc Works of America, and to 
D Mhnisson s account of the Water-Works of Toulouse, for much interesting and 
practical matter connected with the raising of water. 

awrf ® “ water-wheel pumping establishment, is 

^certamedby calenlating the horse-power upon the basis of 33,000 tbs. lifted 1 foot 
igb and the resistance to be overcome by multiplying the number of gal. 

friction, which is 

taken at 12 feet per mile, unless there should be any important vertical bends. 


WATER SUPPLY. 



WATER SUPPLY, 



m 

pettlitig reser- Whatever he the motive power adopted, it is almost always necessaiy when the 
source of supply is a large river to form settling reservoirs, in which the waters may 
i deposit any matters they may contain in suspension, and also very frequently to con- 

i struct filters for the greater purification of the waters. The dimensions of the settling 

: reservoirs must depend to a great extent upon the greater or lesser degree of purity 

of the waters ; those of the filters depend upon, firstly, the mode of filtration adopted ; 
and secondly, upon the head of water acting upon the medium. Three days' supply is 
the minimum which ought to be admitted for the former: the rate of filtration 
varies from 75 to 200 gallons per foot superficial, per day, of the surface of the 
■■■ r ■ ■ ' filters. ' ■ ' ' 

^ lers. settling reservoirs the effect produced upon the water must principally he 

f mechanical, for it rarely happens that the water is kept long enough in them to allow 

of any efficient chemical action. In the filters the action may he either chemical or 
mechanical, hut the expense attending the former is so great that it is hardly possible 
to develop it upon the scale required for a town supply. Hitherto, no ingredient has 
; been discovered which possesses the disinfectant properties of the animal charcoal ; 

I but as it is necessary that the water to be filtered through it should previously have 

r been cleared from the grosser particles in suspension by passing through a coarser 

description of filter, and that subsequently the water should again pass through some 
other filtering medium to insure its freedom from any particles of charcoal, we may 
safely consider that so complicated a process is beyond the reach of the public purse. 

A supply taken from the most perfect mechanical filter with as great rapidity as the 
. latter can yield it, will in almost every case satisfy, not only the public demands, but 

also the real exigencies of the case. 

There are several kinds of mechanical filters, of which the system adopted by Mr. 
Thom, at Paisley, that of the Chelsea Water-Works, that used at Nottingham and 
/' Toulouse, and the recent application of filtering slabs, whether natural or artificial, 

are the most important. Of these, the system used at Nottingham and Toulouse is 
the most economical when the bed of the river is formed of materials suitable to its 
application. It consists in the construction of filter-tunnels in the sand upon the 
banks; the water becomes purified by the fact of the adventitious matter being 
retained in the bed of the river, from which it is washed away by the action of the 
stream. If, however, the river carry down much clay, such tunnels will become 
choked in a very short time ; if the sands contain any salts of iron, lime, or nitre, the 
water will he alfected by them. It rarely happens that rivers roll upon beds of pure 
silicious sand, and even when this is the case, Dr. Clark's objections are still valid. 
He noticed, that near Glasgow, where many of these filters are in use, springs often 
rise into them from below, and bring waters of very different qualities. The level of 
the tunnels being fixed, whilst that of the water varies according to the state of the 
river, the rate of filtration must vary also, and in summer, when the consumption 
would naturally be the greatest, the yield would be the least. These filter-tunnels also 
must he exceedingly diflSciilt to clean on account of the very nature of the materials, 

' and their application must for the above reasons he confined to such localities as pre- 

^ sent the peculiar geological characteristics stated to be requisite. 

The filter described by Mr. Thom as having been executed by Mm at Paisley 
appears to be the most theoretically perfect, inasmuch as from the fact that the last 
stratum of the filtering medium traversed is composed of a mixture of sand and 
L charcoal, the operation must be, to a certain extent, chemical as well as mechanical. 

The system may he described as follows, nearly in the words of Mr. Thom : “ The 
site of the filters is on a level piece of ground, excavated to the depth of 6 or 8 feet, with 
impermeable retaining walls and bottom. The whole of this bottom is divided into 


I 
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drains 1 foot wide by 5 inches deep, by means of fire-bricks laid on edge, and cowed 
with fiat tiles perforated with numerous small holes, like those used in malt-kilns. 
The perforated tiles are covered to the depth of 1 inch with clean gravel, about 
inches in diameter; this is followed by five other laj'ers of gravel, each of the same 
depth, and each succeeding layer a little finer than the preceding one, the last being 
coarse sand. Over this very clean, sharp, fine sand, 2 feet deep, is placed, and about 
6 or 8 inches of this fine sand,, near the top, is mixed with animal charcoal.'' Some 
details connected with the overflow and the discharge-pipe, which will be found in 
Mr. Thom's description, complete its arrangement. 

Mr. Thom made some observations upon the effects of the substitution of the 
amygdaloidal rocks found near Paisley for the animal charcoal, which confirm the 
theory propounded by Professor Way upon the chemical action of certain soils. It 
was noticed that the amygdaloids were capable of removing traces of peat nearly as 
effectually as the charcoal ; animal matter also was separated by them. There is 
little reason to doubt but that the affinity between the silicate of alumina and the 
vegetable and animal matters in combination with the water is sufficient to cause 
these to leave the latter and to form new compounds with the silicate of alumina, 
which is the base of the amygdaloids. Professor Way noticed that clay, a hydro- 
silicate of alumina, acted in a similar manner, and Mr. tiassall arrived at the conclu- 
sion that both animal charcoal and mild strong clay are perfect with respect to their 
power of retaining the solid matters, dead or living, found in every description of 
water. Mr. Hassall also found, on the application of tests, that neither of those 
substances shewed any trace of sulphuretted hydrogen. However, this branch of 
chemical inquiry is still in a state of considerable uncertainty, and the means of 
removing with equal facility any excess of the hicarbonates, and the sulphates, of lime 
are still to be discovered. 

The Chelsea filters are established upon a plan which is, perhaps, the most imiver- 
salty applicable, because the materials employed are found almost everywhere. Mr. 
Quick describes them as follows The process of cleansing consists of a series of 
reservoirs of subsidence,— large open reservoirs between 4 and 5 acres in area, and 13 
feet 6 inches deep, faced mth gravel. These reservoirs have an invert of brick about 
6 feet wide> and 3 feet 6 inches deep, laid in cement. The depositing reservoirs are 
made to hold four days’ supply, and the filters placed by the side of them are 
composed of— Istty, coarse gravel, about 1 foot deep; 2ndly, a stratum of rough 
screened gravel, about 9 inches deep : Srdly, a stratum, of fine screened gravel, about 
6 inches deep : 4thty, fine gravel, 9 inches deep : 5thly, fine washed river-sand, about 
3 feet 6 inches deep. The water permeates these materials, and is drawn off by means 
of took tunnels to the weH of the pumping engine.” The objection to these filters 
IS, that they require a large surface and a considerable amount of carth-work, for, in 
addition to the depth of the sand and tunnels, it is necessary to have a certain depth 
of water upon them to act as a head. It is upon this account that it appears more 
than probable that considerable advantage would result from the substitution of 
ffltenng slabs for the layers ot sand and gravel. There are many natural stones able 
to perform this office, such as the Hghter and more scoiiaceons volcanic rocks, some 
of the coralline Umestones, and where these do not exist recourse may be had, to 
Kansome s process, by which a porous sandstone can be made of any degree of coarse- 
ness or fineness required. All these stone filters are, however,, necessardy exposed to 
he ch^ed by the matters they separate, and precisely in the proportion of the 
perfection of their action. It is therefore necessary to protect theii- faces by a thin 
layer of sand, to be removed as often as is required. 

It was formerty the universal practice, after the water had been purified either by 
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t, Se^ice reser- deposition or filtration, to raise it into reservoirs called ^service reservoirs/ placed at 
; wirs. sufiScient altitudes to allow the mains to be filled by gravitation. Of late years, how- 

ever, a system has been introduced by which the water is pumped directly into the 
mains, and the excess, beyond the quantity drawn off for household purposes, passes 
on into the service reservoirs, which become under this system, in fact, regulating 
reservoirs, for their use is to store a sufficient supply for the period when the engines 
are not at work, and to provide against any minor accident. The principal danger 
attending this system arises from the frequent hydraulic shocks to which the pipes 
must be subjected by the opening and shutting of the house services ; but this may 
be obviated to a great extent by laying secondary mains, called riders, near the lead- 
V./' ing ones, upon which the house services would be raised. Especial care must also 

' be taken that the movement of the water, as it leaves the air-vessel of the engine, he 

as regular as possible. In spite of all these precautions, however, the flow towards 
the upper end of the mains must be exposed to fluctuations of a very unequal nature, 
especially when the pipes are always under chai^ge, and the consumption takes place 
directly from them, on what is called the constant delivery system. Experience 
i alone can decide upon the value of this new system. 

The terms constant and intermittmt supply have reference to the details of house 
service, to wliich we shall have occasion to allude in our notice of that portion of the 
: , , 'subject. 

stand pipes. In some cases, whatever be the manner of feeding the distributing mains, the water 
is raised, immediately after it leaves the air-vessel of the engines, over a stand pipe, 

; or a vertical pipe sufficiently lofty to form a head able to discharge the water into the 

reservoir ; the head must then be equal to the dead lift, and, in addition, be such as 
to overcome the friction on the road. At the East London Water-Works a great 
portion of the district is supplied by the stand pipe without the intervention of any 
reservoir; but this course is objectionable on the score that the engines are forced to 
raise the largest quantity of water which may be required in any given period of the 
day. They must therefore be of a power equivalent to the greatest, not to the average 
consumption of water in the district. A considerable portion of the steam-power 
will thus be unemployed during great part of the day, or, in other words, the engines 
will require to be more powerful than they would be if a service reservoir were used. 

The determining motive with respect to the use of stand pipes must he economy ; for 
in many positions, as in the larger part of the East London district, a reservoir at 
sufficient altitude could only he coustructed at a great cost. 

The dimensions of the service reservoir win necessarily be regulated, firstly, by the 
amount of the consumption, and, secondly, by the nature and power of the steam 
engine. If the latter be of a description liable to interruptions in its action, or if the 
source of supply be exposed to irregularities, as in the case of a tidal river, or of one [i 

in which freshets occur, it is necessary to make the service reservoir of a capacity j 

sufficient to insure the continuity of the flow during the periods of interruption. 

Should the configuration of the country be such as to render its construction easy 
and economical, it may he advisable to make it sufficiently large to hold about three 
days' supply in climates analogous to those of the South of England. But there is 
always something objectionable in keeping water in a stagnant pool, especially near a 
large town. It must be exposed to be affected by the impurities in the atmosphere, 

: unless covered j and the expense of covering such reservoirs is so enormous as to pre- 

clude their use on an extensive scale, unless in certain very exceptional cases. In the 
greatest number of instances it will be found sufficient to make the service reservoir 
of adequate capacity to hold water enough to supply the consumption during the 
hours that the engine may not be at work, or to enable it to raise the water by an 
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equable effort during the working hours. For this purpose a reservoir- able to hold 
one-quarter of a day’s supply will be aU that is usually required. 

It wiU be necessary, in case the reservoir be made upon this principle, to provide 
up cate en^es, or, at least, to have a sufficient number of duplicate parts in 

r r the shghtas/notice^ 

The suppty will be to a certain extent liable to be interrupted j but, on the 

other hand, reservoirs of dimensions so ascertained could usually be covered with 
economy. 

In many IVench towns, the water is raised into a tank situated immediately above 

portion of a stand pipe, as an air- 
vessel, to discharge any air raised with the water, and, at the same time, as a distri- 
bating resmoir. Over a water-wheel, as at Toulouse, this arrangement may succeed 
provided that the machinery be of a nature not exposed to accidents or lol S 

woffid f"* ""T" “®^® dimensions, su!h as 

mains cldT“f ^ ® regulating the flow, evidently the 

mmns could only be charged so long as the machinery was working. In England 

vofe^trorkt ft *® estabUsh large open service reser- 

voirs, but of late the more economical method of using smaller regulating, covered 

rerd^^th"^ “T others con’ 

laid doll ®"®“®®””S’ ’>0 borne in mind that no absolute rule can be 
adLo^' ^ “^oo-osteoces must eventuaUy decide what system should be 

ad^ted, so as to secure the most efficient supply at the least cost. 

^tribution of water maybe effected in various manners, according 
Lh hSul population to be supplied, and to the influence of climate upon 

usudlyited^nfr “ f Spates of America, the distribution is 

usually effected: from house to house ; on the Continent, and generally in warm 

tXtoS'riirlv y monumental fountains, or arc 

“vet itTwf^ H obannels of the streets, whilst house services are compara- 
tively unknown. House services, again, may be either at high or low pressure- 
or the supply may be either constant or intermittent in its mode of delivery! 

ada^d t re hawftT *''® simple, and the most 

..UaU ■ * ^ ^ * *^® P°P"’“*mn of our Colonies, it wifl be the first we 

A^^examme, especially as the others differ from it merely in questions of working 

tribtedtStaTrt''''"’'^ »pon thj Continent, like many in our own country, dis- 
tributed the water by means of wooden or pottery pipes, but in almost all cases cast 

c bi^radTsr """ - 

The formula which is applicable to the movement of water in a pipe passing from 

lams denying the water reciprocally from one another. There is an imnftrt-int 

tTe eieS he?“^ potion of the junctions and by the constant changes in 
of the, opening of the distributing pipes. During the course 

of he ffistribution, necessarily a diffemce will occur in the quantity to be discha^rd 

mnd that np to a certam point it is economical to employ pipes of the same 
on^Zl T"'’ f exceed^ s!vLg on the 

eitim/es^ " be resolved by comparative 
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It is necessary, before deciding upon the dimension of a main pipe, to ascertain not 
only the existing demand it may be required to satisfy, but also the eventual extension 
of the demand, either hy an increase of population or by the establishment of new 
■ ■ ■' factories. ' ' 

In an isolated pipe receiving water from a reservoir at a higher level and dis- 
charging it at a lower one, the discharge may be calculated by the formula given 
above (page 733) : 

Q = g — ^ ^ which 

Q = the quantity discharged per second ; 

^ A. = the length of the pipe ; 

I D =5=':the diameter; ' 

5= the ditference of level between the extreme orifices ; 

H and H'‘5= the heads upon these orifices; 

e = the coefficient derived from the Table. 

But, in a distribution, the water meets with several resistances, which tend to 
diminish Q: they may be stated as follows : 1, the usual friction upon the sides of 
the pipe must be allowed for; 2, the effect of bends must be calculated; 3, the 
retardation of the flow arising from the change of direction from the main to the 
submain, or to the branch pipe, must be taken into account ; 4, the species of gurgi- 
tation at every junction will also serve to diminish the yield. 

The manner of calculating the two first resistances has been shewn. As to the 
third, it may be calculated upon the principle that when a fiuid in movement in 
a pipe passes into a side branch, forming with the main an angle the velocity 
leaving out of account the other forces acting upon it, will only he v cos i. As it is 
wsual to make the seat of such branches at right angles to the main, the effect pro- 
' duced is to destroy any advantage arising from the velocity in the main, and to 

reduce the head merely to that existing in the latter at the point of junction of the 

branch. 

MM, Mallet and Genieys tried some experiments to ascertain the effect of the 
fourth-named resistance, or the gurgitation, from which it would appear that the loss 
of head it occasioned was equal to twice the height due to the velocity of the water 
in the branch pipe, 

lofmSeo?^ 1* Practically, the following illustrations, given in ClaudeTs ‘Formules a F Usage 

eaicuiating sizes des Ingeuieurs,^ of the manner of calculating the distribution in towns, will he 
of delivery pipes. 



found to he sufficient to serve as models. Let it be proposed, firstly, to supply a 
district by means of a pipe of an uniform diameter throughout its length, and dis- 
charging the water at certain points by means of stand pipes constantly flowing in a 
similar manner to the ‘borne fontaines^ of Paris. 

The diameter of the pipe must be such that the head should be sufficient at each 
opening to deliver the water at a few inches above the point of discharge. The 
diameter is ascertained hy supposing it to be of any definite dimension ; the loss of 
head is calculated for the distance between a and b, and the effective head at b is 
thus determined by deducting the loss from the initial head ; this effective head must 
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be sufficient to insure the delivery of the water at the orifices upon b. The loss of 
head between b and c is ascertained in a similar manner, observing that the volume 
discharged by the main will be diminished by the quantity withdrawn at b. This 
loss of head, deducted from the real effective head previously determined for b, will 
give the effective head at c, which, as before, must suffice to supply the orifices upon 
that suhmain. Proceeding in this manner with the branches r» and e, it will be found 
whether the head existing at the separate branches will be sufficient to insure the 
discharge of water at the several orifices. If this head should not be sufficient, it 
will be necessary to try a larger diameter ? if it be in excess, a smaller one must be 
adopted. 

2. Let it be proposed to determine the diameter of a pipe receiving water from 
both ends, and supplying in its course certain orifices able to discharge definite 


■ 




quantities. In such a case the orifices are supplied, some entirely from a, and* some 
entirely from g, and it may happen that one of them, d, will receive its supply par- 
tially from the one or the other. 

The diameter of the main in either of the parts d a and n g must be such that the 
head^at the entry of d should be the same from either side. It is necessary to ascer- 
tain it by trial, as in the previous instance, and for this purpose some diameter is 
assigned to both n a and n g ; after deducting the loss of head occasioned upon either 
of them by the branches b, c, e, and f, the remaining effective heads upon the 
respective portions of the main at d will he determined. Should they not be equal, 
one or both of them must he altered, as the results obtained may indicate. 

3. When the distribution takes place by means of a conduit of different diameters, 
it wffi be found that the system indicated in the first illustration will satisfy the 
required conditions ; because the diameters of the pipes are constant between two 
successive openings, and the rate of delivery is also uniform between them. It is 
necessary, however, in calculating the loss of head to allow for the difference of 
diameter in the pipes. 

4. Should the supply main derive its waters from two pipes whose delivery is 
known, and should it be desired to determine the diameter of the pipe a b, so as to 
insure a particular distribution upon its length, the course to he followed would be as 



follows: a certain diameter is assigned to ab, and as its discharge is known, and the 
difference of level between a and b is also supposed to be known, the effective head 
at A necessary to insure these conditions will easily be obtained. If, then, the 
diameters of a and b be supposed, as the volume to he supplied by them is known, it 
is easy to calculate the loss of head upon each of them, from the initial heads at c 
and n, so as to arrive at the effective head produced by them at a. This head should 
be the same for both pipes, and equal to that required to secure the delivery already 
supposed to take place between a and b. If the respective diameters should not be 
such as to insure these conditions, they must be modified. 
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If the supply by the two conduits c a and d a were not fixed previously, the 
quantity to be furnished by them might be made to vary as well as the diameters of 
tlie pipes, but of course always within the limits of the discharge by means of a b. 
Under all circumstances, the head at a must be the same for the two conduits, and 
be sufficient to produce a satisfactory flow in the part between a and b. 
a Passing from these theoretical considerations, w^e may dwell in detail upon the 
system of distribution adopted in Paris as a good illustration of the most perfect town 
supply executed by Continental Engineers. 

The supply is derived from five sources: the spring waters of St. Gervais and 
Belleville ; the springs brought into the town by the xiqueduct of Arceuil ; the waters 
pumped from the Seine directly, either by a water-mill upon one of the bridges, or 
by a steam engine at Chaillot ; the waters brought in by the navigable Canal de 
rOurc ; and, lastly, from the Artesian Well at Crenelle. From these different sources, 
a total quantity of about 24-^ million gallons per day is brought into Paris, or above 
20 gallons per head, if the population be considered to be about 1,200,000. 

Of these sources the most important is the Canal de TOurc, which supplies four- 
fifths of the total consumption. It arrives in Paris at a height of about 166 feet 
above the summer level of the Seine, and is thus able to distribute its waters by 
gravitation into almost every quarter of the town. An aqueduct, of which we have 
already given a sketch, is continued round the hills, forming a kind of amphitheatre 
on the north side of the town, and a smaller aqueduct is constructed upo<n a spur 
projecting into the quarter of St. Laurent. The mains are led from these aqueducts 
to a series of reservoirs in the most commanding positions in the different parts of 
the town, five in number, of an average capacity of 1,540,000 gallons each, in round 
numbers. 

Puring the day-time, the water, instead of passing from the canal to the reservoirs, 
is diverted into the suhmains and allowed to flow from a series of small stand pipes 
into the gutters by the side of the footpaths ; at night, these stand pipes are closed, 
and the water passes into the reservoirs, where it is stored for the supply of the parts 
of the towm not immediately upon the line of mains. These stand pipes are called 
< home fontaines' and are entirely at the cost of the municipality. They flow at 
three separate intervals during the twenty-four hours of an hour each, or during three 
hours per day, and discharge about 650 gallons per day in the summer months; 
they only play two hours per day in winter. As in Paris the custom prevails of 
discharging all household rubbish, such as we consign to the dust-bin, into the street, 
and as near the gutter as possible, this mode of distribution is necessary to clear 
them ; and at the same time the flow of the water cools the air in the close streets, 
from which the sun’s rays are reverberated with singular intensity on account of the 
materials used in the construction of the houses. Up to 1845, no less than 1600 of 
these fountains existed, and they were placed at a distance of about 410 feet apart, 
upon the mains ; and wherever it was practicable, they were placed at the culminating 
point of a gutter, so that the water might flow in two directions, and enter into the 
sewers as rapidly as possible. 

In addition to the ‘ borne fontaines,’ from which anybody is allowed to draw water, 
there are other fountains called * fontaines banales,’ from which the public is entitled 
to take water gratuitously, as are also the water-carriers who sell the water by pails. 
Other distributions, called ‘fontaines marchandes,’ often provided with charcoal 
filters, furnish the water-carriers who employ carts. Stand pipes to supply carts for 
watering the streets in summer are also placed at average distances of about 1640 feet 
apart. These are used, on the average, 135 days per annum, and it is found that 
about 1| pint per yard superficial will suffice to insiu'e a satisfactory service, which 
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in summer must take place twice a-day. The system of the hose and jet, lately so 
much praised in England, has been tried and found to be far too irregular in its 
eflFects, besides annoying the passengers. 

Distributions for trade purposes and for household consumption also take place, 
hut the latter are not under such condition of pressure as to carry the water to a 
point above the level of the first floor. 

Ornamental fountains are placed in conspicuous positions, with a view also to secure 
as great hygienic effects as possible ; from some of these the public and small water- 
carriers are allowed to draw water gratuitoiisly. 

Such, with a few modifications, principally in the manner of bringing the supply 
from the source to the point of distribution, is the system adopted in France, Spain, 
and Italy. It is very defective according to our notions of domestic comfort, and 
certainly not such as to induce habits of cleanliness ; for moderate as the charge upon 
the sale of the water may he, the necessity of paying, as it were, for every pailful 
used must check the copious employment we are accustomed toi The amount of 
supply, stated to he 20 gallons per individual, above quoted for Paris, is also very 
fallacious, so far as the real personal consumption is concerned ; for more than half 
of the quantity brought in is used for the ‘borne fontaines' and the ornamental 
waters, and from the remainder it is necessary still further to deduct the quantity 
used for trade purposes. 

Quantities used It may be interesting to state the quantity of water consumed for some private 
P^^poses, which has been observed by French engineers. 

A bath requires on the average . . . . . . . 75 gallons. 

A horse requhes per day . . . . , . . . . 16^ „ 

A two-wheel private carriage per day ..... 8*8 „ 

A four-wheel „ „ „ 16*5 „ 

Each individual per day , 4*4 „ 

Every yard superficial of garden ground per day . . 0*33 ,, 

Every yard superficial of railway, per service . , 0*22 „ 


The quantity allowed for human consumption is small in comparison with our Eng- 
lish notions; hut it would appear that in reality our towm population, even in the 
driest summers, does not consume more than about 8 gallons per head per day of 24 
hours. 


Engilsli systems In our own country, until within a few years, the greater number of towns were 
0 IS 1 u 1 . water at low pressure, and at stated intervals, excepting when local cir- 


cumstances allowed a constant distribution by gravitation. In these cases the water 
was brought into the houses by lead pipes, branching upon the mains in the street, 
and leading the water into cisterns, where it was stored until used, or from which it 
was raised by force-pumps to any greater altitude the householder might require. 
Improved domestic habits have rendered it so necessary to command a supply even in 
the highest parts of houses, that it is found now to he more economical to obtain it 
by a general system, by which the water arrives under sufficient pressure to insure its 
delivery at such points. The extra height to which the water is thus carried being 
usually overcome by steam-power, necessarily gives rise to an increased outlay, and 
thence the distinction and the difference of charge for a supply upon what are tech- 
nically called the high or low service. In London the low service is usually under- 
stood to mean that the water is delivered at heights varying from 6 to 9 feet above 
the roadway ; the high service is usually comprehended within a height of 30 feet 
above the same level, and includes every delivery above the 6 or 9 feet of the parti- 
cular ffistrict 
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lonstant supply. 


At Nottinglaam and in some otlier towns a system has lately been introduced, under 
which the mains and service pipes are kept always Ml, and Water can he drawn in 
any quantity : the latter can discharge at all times of the day or night,— this is called 
the system, and it is principally to that able engineer, Mr. Hawksley, that 

the public is indebted for the amelioration it produces. It will at once be perceived 
that with such a distribution there can be no occasion for cisterns, and that the yrater 
will, with a few precautions, he kept in a state of purity which it is impossible to attain 
when stored in those receptacles. 

For the intermittent supply, the formulse and the observations already given or 
made, with reference to the continental manner of distributing water, will apply ; for 
under it the only real question to be solved is, bow to supply a given district by 
means of pipes, delivering water at stated periods, by services flowing at certain defi- 
nite periods ? On the constant supply, hov^ever, the question is more complicated, 
owing to the irregularity of the consumption. This is stated by Mr. Marten (* Report 
of the Board of Health on Water Supply,’ Appendix 2, p. 67) to vary as follow^s: 


Time. 

Per-centage of gross 
consumption. 

Time required to deliver 
total consumption. 







hours. 

Between 6 and 

7 A.M. 

Z-7Si 

26*77 


7 

11 

8 

11 

5'209 

19*19 


8 

11 

9 

11 

6*192 

16*14 


9 

11 

10 

It 

6*438 

15*53 

»» 

10 

It 

11 

11 

7*076 

14*13 

11 

11 

11 

12 

11 

7-704 

12*88 

11 

12 

11 

1j 

’.M. 

5*995 

16*68 


1 

11 

2 

11 

5*946 

16*82 


2 

If 

3 

11 

6*388 

15*64 


3 


4 

11 

7*862 

12*72 

n 

4 

11 

5 

11 

5*209 

19*19 

11 

5 

1* 

6 

11 

6*290 

15*90 

11 

6 

11 

7 

11 

3*685 

27*13 

11 

7 

11 

8 

11 

5*012 

20*00 

11 

8 

11 

9 

■11 

3*047 

32*81 

11 

9 

11 

6. 

A.M. 

14*152 

68*26 


So that the greatest consumption appears to take place between 11 and 12 a. m. 
and 3 and 4 p.m, 

Mr. Hawksley (p. 43, vol. 2, ‘ First Report of Committee on State of Large Towms’) 
states, that in order to meet this iiTCgularity, he divides the length of the main in a 
street into lengths of 200 yards, and assigns to each the quantity to be delivered, sup- 
posing it to be discharged in four hours. Allowing 4 feet for the loss of head for 

1 5 / * 2 / 

every 200 yards, he calculates the diameter by the formula ~ W <7 - = f7,in which 

d = the diameter sought ; 

I ™ the length in yards ; 

= the head in feet; 

q =3 the quantity in gallons to he discharged per hour. 

He also adopts, to ascertain the power required to overcome the friction, the 


formula P • 




in which d = the diameter; P = the power; Q ~ the delivery; 


140 

and I = the length. 

The constant delivery system, it is fair to state, has many able and conscientious 
opponents, and doubtlessly it would in many cases be injudicious to destroy an exist- 
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ing system of works, if established on a large scale, for the introduction of a more 
perfect mode of supply. This, like so many other questions, is after all one of economy 
to a great extent, although mere monetary considerations should be allowed little 
weight against those affecting public health. The appreciation of the degree of 
importance to be attached to either of the determining motives forms one of the most 

delicate branches of the professional duties of an engineer. 

If, however, we state the theoretical conditions to be fulfilled by a town supply, on 
the supposition that nothing has hitherto been performed towards its execution, it will 
be easy to ascertain the modifications advisable under any given circumstances. 

The purest vrater ought to be conducted to a small service reservoir, covered, and 
at a height sufficient to discharge the water at any part of the town. The house 
delivery ought to be effected in such a manner that water should be able to be drawn 
at any time and at any reasonable elevation. To prevent danger from fire it is ad- 
visable to arrange the distribution so that the water may be discharged over the roofs 
of the houses hy means of hose screwed upon the mains in the streets. For this pur- 
pose, fire-plugs should he placed alternately on either side of the streets, at about 
every 100 yards apart, and as the hose is generally made 2^ inches diameter, it would 
he preferable not to lay down mains of less than the same dimension, in positions 
where fire-plugs are likely to be attached to them. In laying mains they should he 
kept at a greater depth in wide open streets than in narrow courts, and on the average 
a,bout 4 feet from the surface. The quantity to be calculated for any given popula- 
tion may usually be reckoned at 20 gallons per head per day, which will include all 

ordinary trade consumption they may require. 

The reader is referred for further information to Ckuders Formules ^ F Usage ^^d 
Ingenieurs, Morin's Aide-Memoire de Mecanique Pratique,— D’Aubuisson's Traite 

d Hydraulique, — Girard's Description, &c. de la Distribution des Eaux de rOurc 

Genieys, Essai sur les moyens de conduire, d’^lever, et de distribuer les Eaux, —Mat- 
thews' Hydraulia,— The several Parliamentary Reports upon the Health of Towns 
and the Supply of Water,—Mr.Wicksteed's Account of the East London Water -Works 
and several detached Papers on Water Supply, -Mr. Homersham's Reports, -Mr! 

Beardmore's Tables,— Mr. Peacocke's Researches in Hydraulics. 


WATER-WHEELS.*— Water, in movement, is able to communicate power by 
its action upon a body offering resistance to its motion in the direction it is naturaUy 
inclined to follow; or it is able to act in a negative manner, by destroying or 
diminishing the velocity which any body moving in it may possess. In practical 
mechanics, water^acts in various manners upon engines communicating in their turn 
movement to other descriptions of machinery immediately in contact with the raw 
materials to be acted upon. Our present object is the consideration of the latter 
class of action. 

In all investigations with respect to hydraulic machinery, there are three branches 
to be considered ; viz. 1. The force of the current producing motion, or the weight 
of the water P flowing per second, and H the total fall, which is represented by P H ; 
2. The power of the machine, or the portion of the current K, acting vrith a velocity 
s upon that portion of the machinery it strikes : this is represented by K », and 
Is the dynamical effect produced, whose expression ispv, p being a weight equivalent 
to the sum of the resistances to movement reduced to what they would be if they 


’ By G, R. Burnell, C. E. 





WATER-WHEELS-; 


747 

struck the wheel at the same point with E, hut in an opposite direction ; 3, The 
useful power of the machine, or j?' j j»' being jw minus the sum of the passive 
resistances to he overcome* 

These forces are usually expressed in unities of work whose measure consists in a 
certain w eight lifted, to a certain height in a dehnite period* As the useful effect of 
horse-power is most generally known, it has been adopted as the measure; and by 
almost universal consent it is assumed to be such that one horse can raise 33,000 ifes. 
one foot in height per minute. The term ^one horse-power ^ must, therefore, be 
considered to be the expression of such an effort. 

Hydraulic machinery may be of two desciiptions ; the first consisting of such 
engines as possess a movement of rotation ; the second, of such as have an alternative 
movement. Water-wheels, including turbines and reaction wheels of all kinds, 
are comprised in the first; the water-pressure engines, and the hydraulic ram, 
are included in the second; these last have been already alluded to in the article 
upon ^ Water MeadowV 

Water-wheels are subdivided into those with floats or blades, and those with 
buckets. The first are again subdivided into classes, some of which have the floats 
straight, others curved; or which move in breasts, races, or water-troughs, either 
rectilinear or curved. In the second class are comprised the bucket-wheels receiving 
water upon the summit, or at a lower point. In addition to these are the horizontal 
wheels, which are either set in motion by an isolated vein, or placed in a cylinder, or, 
as in the case of the turbines, they are placed externally to a cylinder conducting the 
water. The several descriptions of water-wheels may be briefly stated as follows : 

1. Vertical Wheels with floats strmght, and working in a strmght mill-race. 


2. 


„ in close circular race. 

3. 


„ in unlimited water. 

4. 


„ curved, called Poncelefs wheels. 

.5. 


overshot, with buckets. 

6. 

Horizontal Wheels, struck by an isolated vein. 

'■:7. 

, ft 

working in a cylinder. 

8. 


Foumeyron's turbines. 

9. 

n ■ 

with partitions* 

10. 

y» 

reaction wheels. 


And in addition, we may perhaps place in a separate class the two descriptions of 
breast wheels known as the high and the low breast wheel, receiving the motive 
power at points intermediate between the summit and the horizontal line passing 
through the axle ; also of late, a description of wheel called the hachshot, in which 
the water is carried beyond the summit, and returns to strike the wheel a little below 
that point on the descending side. 

The parts of water-wheels and machinery which may require to be defined are as 
follows. Theybre hay is the channel leading the water upon the wheel; it generally 
has a hatch or sluice, by w’'hich the height of the water is regulated : the race is the 
part of the channel immediately under the working part of the wheel ; the tail bay is 
that part by which the water escapes after it has exercised its effect. The wheel 
consists of a shafts upon which are fastened the ama, bearing in their turn the peri-- 
pliery of the wheel. Sometimes this is close hoarded or soledy at others it is left open 
at intervals to allow of the ventilation of the buckets. The sides of the buckets which 
serve to keep the water upon the wheel are called the shrouds. Motion is communi- 
cated to the working parts of the machinery by gearing on the segments of the 
wheel, or by first-motion or bevelled wheels, called pit wheels^ upon the axle itself. 


I 
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1. Vertical Wheels with straigtit Floats working in a straight MilURaoe. 

This description of wheel w^as formerly the most’ frequently emi>loyed, but at 
present it is only used when the-fall is insignificant and does not exceed 5 feet. The 
water is brought under the wheel from the fore bay by a trough, wdiose sides almost 
touch the floats, and leave merely a sufficient interval to allow of the movement of the 
wheel. Upon the trough a hatch is fixed to regulate the quantity of water to be 
admitted. 

In leaving the hatch the fiuid 
vein becomes contracted, it then 
extends and reaches the sides of 
the race. If, therefore, at the 
■section of the greatest contraction 
it should possess the velocity due 
to the head of water in the fore 
bay, a considerable portion will 
be lost; firstly, on account of the 
dilatation, and secondly, on ac- 
count of the friction in the race, 
before it can reach the fioats. If the race be long, this loss may be such that the 
water will only retain |ths of its initial velocity when it reaches the floats. 

In undershot wffieels of the description we are considering at present, the water acts 
entirely by its shock, and it is therefore necessary that 'V, or the velocity of the cur- 
rent, should be as great as possible. Its diminution, and the consequent loss of power, 
may be prevented by placing the hatch as near the wheel as 
it can conveniently be placed, and by forming the channel so 
as to reduce the contraction to a minimum. The sides and 
bottom above the opening are, for this purpose, to be made in 
.continuation with those of the mill-race, and its head in the 
fore bay is to be opened out as in the accompanying sketch, 
representing the horizontal section. Poncelet recommends 
also that the hatches should be inclined ; for he found that 
with an inclination of 63*^ to the horizon, the coefficient of 
contraction was 0*75, with an. inclination of 45° it was 0*80, 
whilst a vertical hatch under similar circumstances gave a 
. coefficient of 0*70. 

Immediately heyond the hatch the race passes under the wheel with a slight incli- 
nation, and it thence flows on in a straight line. The width is determined by the 
quantity of water to he discharged ; the depth of the water, supposing the wheel to be 
removed, should never exceed 10 inches or fall short of 6 inches. ‘When it is less 
than the latter dimension, the quantity of water escaping between the floor of the race ■ 
and the outer edge of the wheel becomes proportionally too great, and the force of 
the current becomes considerably diminished. To reduce this loss to a minimum, it 
is advisable to leave only a space of about i or f of an inch between the wheel and 
the race-floor. 

The most carefully constructed undershot wheels at the present day, however, are 
no longer constructed with perfectly straight races. An inclination is given from the 
hatch to the level of the lower edge of the second float on the upside of the vertical 
diameter, of about .^^th or y^^h ; the bottom then curves concentrically to the wheel 
until it arrives at the vertical line passing through its centre ; it then falls suddenly 
about 4 inches at least, and afterwards runs away with as great an inclination as the 
locaBy will admit. The width, immediately before striking the fioats, is somewhat 
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smaller than that of the latter; it augments gradually, and at the vertical diameter is 
wide enough to enclose it ; in this manner the water strikes the wheel with its whole 
mass without any loss by the way, and the lowering of the bottom facilitates the 
escape of the water after it has exercised all its etfect 
It has been seen above that the width of the floats is fixed by the width of the race: 
their height or dimension measured upon any radius of the wheel must he such that 
the heaping up of the water against the first float it strikes should take place under 
such conditions as not to lose any of the power- This is effected by making the floats 
about three times the height of the water in the race, provided they do not exceed' 
from 2 feet to 2 feet 2 inches. The distance from one fioat to another measured on 
the exterior circumference of the wheel should be a little less than their height. 
Their number will then depend upon the diameter of the wheel, and this may he con- 
sidered to be arbitrary. 

In fact, the dynamical effect of the wheel is only in proportion to the velocity of 
the floats; it has a necessary connection with the latter alone, and is independent of 
the diameter. When therefore it is required to fix the diameter, it is determined by 
the number of revolutions it may be deemed advisable to make the wheel perform in 
a certain time, in order to transmit the power to the machinery producing the useful 
action with the greatest simplicity, and the intervention of the smallest number of 
intermediate motions. It is also desirable that the wheel should act as a fly-wheel, 
so as to insure an equable movement. Take u the velocity of the extremity of the 
floats, N the number of revolutions required in a minute, the diameter will he 

or 19*1 In the most favourable conditions u « 17 VlT (H === the total 
tN" ■ N ■ ^ ■ 


In the most favourable conditions u-- 


: the total 


fall), consequently the diameter will be ^ a/H. Practically, however, it varies 

from about 13 to 26 feet. 

According to the diameter adopted, the wheel 
will have the number of floats indicated in the Dkmeter. Floats. 

Table annexed. The numbers are aU multiples of — 

four, because millwrights are accustomed to place ft. in. 

a definite number of floats in each of the quadrants ^ 28 

of a wheel. There would be no inconvenience in 16 6 32 

augmenting any of the numbers given in the Table l^ 8 36 

by four. 22 10 40 

According to Belanger, there would appear to be _ ^ 

a theoretical advantage in making the blades, what- 
ever he their velocity, dip so that the extent to — 

which they are covered by the water should be equal to the depth of the fluid vein, 
or even a little more if the velocity be very great. It has been found practically that 
this advantage does exist when the floats are immersed to frds or |ths of the thick- 
ness of the fluid vein ; and it has also been ascertained that there is no loss when 
the blades are immersed to a depth equal to the whole thickness. It follows from 
this that the bottom of the race should be kept below the level of the water at 
the hack of the wheel. 

Some engineers, Beparcienx amongst others, believed that by inclining the floats 
at an angle of from 20° to 22° to the radii, in the direction of the incoming water, the 
useful effect of the wheels would he increased. But it would appear from Bossut's 
experiments, that so far is this from being the case with undershot wheels, that floats 
inclined at angles of 0°, 8°, 12°, and 16°, gave results which were respectively as 1; 
0*949 ; 0*956; and 0*998. No experiments are upon record where the precise incHna- 
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13 
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28 
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19 
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tioii recommended by Deparcieux was tried; but from those recorded by Bossiit, it 
would seem that the inclination of the floats, so far from being advantageous, was posi- 
tively prejudicial. 

In a perfectly straight race in which the wheel might dip in the water in the tail 
hay, a condition which does not exist in the most modern mills, it is true that the 
inclination of the floats would he advantageous, insomuch that they would not be 
likely to lift and carry with them a certain quantity of water, which would act in the 
opposite direction to the movement of the wheel, and thus diminish its effect. This 
inconvenience may also he obviated hy the adoption of a system frequently employed 
in wheels erected upon small hranches of rivers, or in positions where the fall is but 
trifling; it consists in forming the floats of separate parts inclined a little to the radius, 
but always to a greater angle in proportion as they approach the extremity of the 
wheel, somewhat in a cycloidal form. 

Rims have been added to the floats by some engineers, for the purpose of increasing 
the dynamical effect. But it has been observed that their action is insignificant so 
long as the floats receiving the shock are confined within a race, for the race itself 
produces precisely the effect desired. The increased effect in other cases is much 
more likely to be obtained by enclosing the floats within circular plates or shrouds. 
In narrow wheels, cast-iron floats slightly cylindrical, the axis of the cylinder being 
in the direction of the radii, produce the same effects as the rims. 

It is found theoretically, that a current of water acting by its shock upon a wheel 
with floats is only able to produce a useful action equal to half of the greatest effect 
it is capable of producing ; or, calling the weight of the water supplied per second P, 
and the total fall H, the theoretical effect would be ^ P H. This result is far from 
being obtained in practice, for Smeaton’s experiments appear to shew, that instead of 
being ^ P H, it is ^ P H, or at the maximum P H. 

The useful effect of this description of wheel is very small; hut as it is independent 
of the diameter, and this may be made to vary within the range of from 7 to 28 feet, 
without occasioning any loss of power, and as the velocity may be altered, within a 
considerable range, these wheels are advantageous when great direct velocity of 
rotation is required, or the velocity of the wheel may be exposed to variations, 

2. Vertical Float Wheels working in a close Breast, 

It has been shewn that the useful effect of an undershot wheel is increased by 
making the breast concentric to its exterior circumference. The advantage thus gained 
is proportionate to the arc of the wheel so enclosed ; at the present day, therefore, 
the latter is made as large as the disposable fall will aUow, and is usually from f rds to 
f tbs of its total height. The circular part of the breast requires to be executed with 
great care, so that its surface should offer the least resistance possible on account of 
the friction, and its axis must be exactly the same with that of the wheel. 

A space of about an inch is left between 
the circumference of the wheel and the sur- ^ / 

face of the breast, to allow a little play to the 
floats. The width of the breast is made so 

as to allow the stream of water to flow with -cWp / 

a depth varying between the maximum of 8 

to the minimum of 6 inches. The diameter 1 

of the wheel and the number of floats will 

he ascertained by the rules given in the last ^ 

section ; the height of the floats should be ^ 

tlwee times the depth of the water upon the 

They m sometimes inclined to the direction of the radius. 
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It is important that the sluice he placed so that the wter may strike the first float 
in a direction nearly perpendicular to its face ; it would even be preferable if it could 
be made to fall over the sluice immediately above the curved portion of the 
breast. 

The causes of loss of power from the real dynamical effort exercised upon these 
wheels are, firstly, the water rarely strikes the blades perpendicularly j secondly, a por- 
tion escapes between the wheel and the breast without exercising any influence; 
thirdly, the portion of the wheel immersed in the water loses a weight oorresponding 
with the quantity of water it displaces. From these combined causes the useful effect 
of undershot wheels of the description we are considering has never been observed to 
exceed 0*772 P H ; nsually it is considered to be about from 0*60 PH to 0*65 P H. 


3. Vertical Float Wheels in unlimited Water f or Wheels working upon Boats on 

Rivers, ■ 

This description of wheel is principally employed upon boats moored in the current 
of large rivers on the Continent, and it has occasionally been employed to communi- 
cate motion to a series of stampers acting upon the rocks in the middle of the rapids 
of the American rivers. It is evident that it can only be applied in water-courses 
where it would be impossible to establish any navigation, or in the smaller or more 
unserviceable branches of large streams. In almost all cases the natural velocity of 
the stream alone acts upon the wheel, without being in any way confined or directed 
by a race or channel of any description: it is to such wheels that these observations 
are confined. 

The diameter of these wheels rarely exceeds from 13 to 17 feet; the blades or 
floats are usually 12 in number, but it is sometimes considered to be more advan- 
tageous to increase the number to 18 or to 24, Fabre, who paid particular atten- 
tion to this description of wheels, states that the height of the floats should not exceed 
0*28 of the radius of the wheel, measured to the centre of percussion, so that it would 
only be about 0*25 of the entire radius ; very frequently it is made only 0*20 of the 
radius. He made the whole of his floats immerge^ a system which would answer 
in deep rivers, where, from some peculiar circumstances, the greatest velocity of the 
current might be below the surface. Otherwise, and in the greater number of instances, 
the effect of these wheels is the greatest when a portion of the floats (in the vertical 
position of the wheel) rises above the floating line. IDhe width of the wheels varies 
from 8 feet to 17 feet 6 inches. 

D^parcieux made some experiments, subsequently confirmed to a considerable extent 
by Bossut, which warrant the assertion that when the floats were inclined at an angle 
of 30° to the radius touching their inner edge, their action was augmented. D'Au- 
buissou expresses the opinion, that if the floats were formed as for some undershot 
wheels, of separate parts, inclined a little to the radius, but always at a greater angle 
in proportion as they approach the extremity of the wheel, and if they were close 
shrouded, their effective action would he increased. Navier recommends that the 
floats should be inclined at an angle of 30° when the wheel dips from ^th to ^th of 
its radius ; and at an angle of 15° when it dips |rd, the maximum of immersion. In 
all cases the inclination to be towards the up-side of the stream- 

On some rivers, such as the Rhone, the wheels dip as much as 1 foot 8 inches below 
the surface ; but it is usual in practice only to make them descend about 1 foot 
2 inches below that line. 

The theoretical effect of these mills is ascertained by the formula Pw ~ 20 S in, 
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which 

Pic = the effective power which the working shaft is able to transmit ; 
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S = the sectional area of the part of the float situated upon the vertical radius of 
the wheel, measured in the direction of that radius ; 

V = the velocity of the current at the point where the wheel is situated; it may he 
considered to be the mean velocity of the water striking the floats. 

4. Vertical Undershot Float Wheels^ worMng with curved FloatSf called Pomelefs 

Wheels, 

Although undershot wheels with straight floats do not yield more than a fourth or 
a fifth of the motive power acting upon them, they possess certain advantages which 
induce engineers to adopt them in many cases *, their construction, when properly 
performed, is economical, and they can receive a considerable velocity without any 
appreciable loss of power. M. Poncelet has succeeded in retaining these advantages, 
and simultaneously in avoiding much of the diminution of effect, by substituting 
curved floats for the ordinary straight ones. ^ ^ 

From a series of experiments performed by that eminent philosopher, it would 
appear that the speed of a wheel provided with curved floats yielding the greatest 
effect should be about 0’55 of the velocity of the current ; it may vary from 0*50 to 
0-60 without any appreciable difference. The dynamical effect is not less than 0*75 
P h for small falls with great openings of the sluices, or than 0*65 for great falls with 
small openings ; A in this case repi*esenting the head of water producing the velocity. 
Compared with the motive power P H, the dynamical effect will be 0*60, and may 
under some circumstances descend to 0*50 of P H. We have seen that with straight 
floats these numerical coefficients do not exceed 0*32 and 0*25 respectively, so that 
the curvature of the floats doubles the effecytive powers of the wheel. 

M. Poncelet gives a series of rules for the construction of these wheels, from which 
the following remarks with respect to the formation of the characteristic part, the 
curved floats, are extracted. 

The number of floats should be double that already indicated for undershot wheels 
with straight floats* 

Their height in the direction of the radius, or the distance from the exterior to the 
interior circumference of the wheel, should be at least |:th of the effective fall; 
it is made ^rd when the fall is about 5 feet effective, and ^ when it is even less. 

The lower element of the curva- \ x . . 

ture of the floats, which forms an \V\ \ 

angle infinitesimally small with the \ k 

external circumference when the \\\ \ 

stream communicating motion is very \ \V 

shallow, will form one of 24® or 30® 

when it increases in depth, and will, x> 

in fact, augment in proportion to the 
i depth of the stream. The curvature • 
of the blades is ascertained by 'the 

foUowing simple construction. From ‘ 

the point a, where the stream a b meets the exterior circumference, raise the per- 
pendicular A A, and from the point e, where it strikes the inner circumference 
with the radius ca, describe the arc ae, which will give the form of the floats. 
They may be executed either of small hoards, set like the staves of a cask, or of 
wrought iron. 

A little beyond the vertical diameter of the wheel, the floor of the race is lowered 
abruptly, so that the water shall not meet with any obstacle to its escaping from the 
floats. 
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5. Vertical Overshot Wheels^ with Buckets. 

In these wheels the water is carried over the top of the vertical diameter, and 
escapes in such a manner as to strike the buckets upon the side towards the lower 
part of the stream. It acts, therefore, slightly by its shock, but principally by its 
dead weight. Such wheels consist of a horizontal axle, — of the arms with their 
struts, — of the rim with its sole, shrouds, and buckets. 


A 



The axle may be either of wood or of iron. If of wood, it should be of oak, or of 
a wood at least of a degree of hardness equal thereto. Its length will depend, of 
course, upon the diameter of the wheel, and its dimension is made to vary from 
1 foot 8 inches to 3 feet 4 inches square. Timber of such dimensions is becoming 
more and more rare, and cast iron is now almost universally substituted for it, ex- 
cepting under peculiar local circumstances. The arms, when the wheel is constructed 
of wood, are not framed into the axle, but they are put together in pairs, and the two 
pairs meeting in the centre leave a square space adapted to receive the axle, upon 
which they are fixed by means of keys and wedges ; the intermediate parts of the rim 
are supported by braces when the wheel is exposed to sudden shocks or is of con- 
siderable dimensions. In modern wheels, even of wood, the arms are made to fit 
into a cast-iron nave keyed upon the axle, and they are then arranged like the 
spokes of a wheel. 

In wooden wheels the rim usually serves to act as shrouds to the buckets, and is 
made in the best wheels from 10 to 12 inches in width. Even for those intended to 
receive a large volume of water, the depth thus afforded for the buckets need not 
exceed 12 inches ; for it is preferable to increase the width of the wheel rather than 
to augment the depth. The sole of the buckets is formed by nailing planks to the 
under-side of the shrouds, and a provision is commonly made to insure the ventilation 
of the buckets by a series of holes bored into the sole in the upper part. 

The buckets are formed in various manners, the simplest of which is the following ; 
An arc of the circle described by the radius of the exterior circumference a s, and a 
similar arc, b s, described by the radius of the inner circumference, are drawn, which 
give the depth of the bucket plus the thickness of the sole. Through c a point upon 
A B, l^rd of the distance between a and b, a third circle c d e is drawn ; as the centre 
of gravity of the water contained in the buckets is habitually upon it, or very near to 
it, the radius of this circle is called the dynamic radius of the wheel. The distance 
between the buckets' measured upon this circle is usually about 13 inches; but as 
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millwrights divide the wheel into quarters, and ’ 

place a definite number of buckets in each quarter, Diameter. Buckets. 

the above distance may vary according to the size 

of the wheel. The number of buckets consequently ft. in. 

will not be proportional to the diameter, but it will 10 0 24 

be as indicated by the accompanying Table. The 13 4 36 

diameter indicated by the first column is that of 16 6 44 

the exterior circumference; it is, correctly speak- 19 8 56 

ing, the real diameter of the wheel, and is to be 

understood as being meant when the sign n is 26 3 /6 

used in the following description. 32 10 96 

When the circumference of the dynamic radius 39 6 108 

shall have been divided into the number of spaces 

corresponding with the intended number of the 

buckets, lines are drawn from the points c, d, e, &c. to the centre, and they will settle 
the position of the smaller part of the bucket. The larger part is fixed upon the 
principle, that firstly, the angle h e g, formed by the two parts, should be as small 
as possible, in order to retain the water for a longer period ; but at the same time it 
is necessary to observe that it must be sufficiently large to leave a space d h able to 
receive all the vrater without difficulty, and in such a manner as not to cause any of 
it to rebound after having struck the wheel. It is therefore necessary that i>5 
should he deeper than the thickness of the fluid vein ; by widening the hatch and 
the buckets, it is true that the latter thickness may be made of any dimension ; 
but it is found that j> h ought not to be less than from 4^ to 5 inches. The angle h e o 
will then vary from 110° to 118°, according to the diameter of the wheel, when it 
ranges between 13 feet 4 inches to 39 feet 6 inches ; so that the inclination of the 
wider part of the bucket will form an angle of about 31° to the tangent at its point 
of contact with the outer circumference : it should never exceed 33°. In practice 
it will he found sufficient to make the outer edge of the succeeding bucket 
terminate at the prolongation of the radius passing on the inner side of the smaller 
bucket preceding it. 

In some cases the bucket is divided upon a line equidistant from l and i, or i k 

^ L P ; L being ascertained by the prolongation of the outer face of the first por- 
tion of the preceding bucket g e h. Occasionally the planks of which the buckets 
are formed are placed as in p o n m, but the repairs of such wheels are more difficult 
and expensive than where a simpler form is used. When, however, the buckets are 
of wrought iron, the form indicated by r s is unquestionably the most advan- 
tageous, as it retains the water to the lowest point of the revolution of the wheel. 

The water is carried over the top of the wheel at a trifling distance from it, and 
made to strike the second or third bucket beyond the summit, at a distance of 
about 1 foot 8 inches to 2 feet beyond the vertical line passing through its centre. 
The stream at the point where it leaves the channel should he somewhat narrower 
the wheel, and be so directed that it impinge upon the bucket as directly and 
perpendicularly as possible. 

The length of the buckets, or the distance between the shrouds, measured upon, 
the face of the wheel, will be determined by the volume of w’ater it ought to deliver. 
If w'-e take Q to represent the volume delivered by the channel in 1", d the distance 
from one bucket to the other upon the external circumference, and v the velocity of 

puiut in that circumference, it is evident that a number of buckets equal to ^ 

each of them would 
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take a quantity of water = • 


It is necessary that the backet should not only he 


able to contain this quantity, but also it is found advisable to make it of three times 
the capacity necessary to do so, or the water would have a tendency to escape too 
rapidly. If / the length of the bucket, and S = the sectional area of the fluid 
mass it can contain at the moment of its passing before the sluice, S I will be its 

c 1 . o .. ion ^ . n/r 


capacity, and it is necessary that S / = 3 - 


^ number of 


buckets on the wheel, and N the number of revolutions it malces in a minute, since 

d = and v = . Thus f == 180 — which must be its dimensions in 

' M' . " . . oU , ; . M.JN O' . 
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the clear. 

The theoretical effect of a stream delivering a quantity of water P in 1" falling 
from a height H = P H ; hut there are several causes which in reality diminish this 
value. A certain quantity of the power is lost between the discharge of the water 
from the sluice and its striking the wheel ; and another portion is lost by reason of 
the obliquity of its action upon the first bucket it strikes. It is therefore important 
to keep the bottom of the reservoir as close as possible to the top of the wheel. 

A second cause of loss of power arises from the form of the buckets, which allow 
the water to escape before it reaches the level of the tail bay. Great attention then 
should be paid to their construction, to insure their retaining the water to the lowest 
possible point of their revolution. 

The centrifugal force of the water upon the loaded side of the wheel will give rise 
to a loss of power varying with the velocity at which it revolves. For a wheel of 
about 14 feet diameter, with a velocity of about 9 feet 9 inches at the periphery, this 
cause of loss is not important, hut in small overshot wheels, such as are found in 
mining districts, with a diameter of 8 feet, and a velocity at the periphery of 15 feet 
per second, it is sufficiently great to require serious attention. 

We may therefore resume the rules affecting the working conditions of an overshot 
wheel, as follows. 1. The loss of power will he reduced in proportion to the correct 
disposition of the sluice or the channel. 2. It will he smallest when the diameter of 
the wheel is as nearly as possible equal to the height of the fall. 3. When the 
diameter thus approaches to the height of the fall, the loss of power will be the 
smallest in such cases as admit of the wheels revolving at half the velocity of the fluid 
striking the buckets. 4. The effective power of the wheel will he regulated by the 
length of time the buckets are able to retain the water. 

A well-constructed overshot wheel working with small velocity will yield sometimes 
as much as 0*80 P H, but under the usual conditions of construction, and with a 
velocity of from 3 feet 6 inches to 7 feet per second, and the buckets only half-filled, 
the usual effect is comprised within 0*70 and 0*75 P H. If the velocity exceed that 
stated above, as is frequently the case with wheels driving the shingling, or puddling, 
hammers of iron-works, which have buckets usually designed to be filled to f rds of 
their capacity, the effect will often not exceed 0*60 PH, or even occasionally 0*37 P H. 
This is to be accounted for by the fact that the water Striking the buckets with great 
force rebounds without producing much effect. In such cases it is particularly 
advisable to enclose the wheel. 

A. BreasUWheeU. 

In overshot wheels, as already seen, the water is carried over the summit and 
poured into the second or third bucket beyond the vertical line passing through the 
centre. The lower part of the wheel then must revolve in a direction opposite to that 
of the stream in the tail bay, so that if by any accident the back water is penned up, 
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the wheel may be exposed to a retarding force, sometimes of considerable importance. 
In order to avoid this loss of power the water is poured upon the back of the wheel ; its 
lower portion then revolving in the same direction as the current of the tail hay, it 
may be immersed to a depth of about 1 foot without its being seriously retarded. 
The wheel may under such circumstances he lowered to the extent named, and the 
effective height of the fall proportionally increased. 

Wheels receiving the water on the back of the wheels are called high, or low, breast- 
wheels, according to whether they receive the water above or below the horizontal 
line passing through the centre. In addition to the advantage before cited, they 
possess another, viz. that inasmuch as they receive the water below their summit, the 
latter may be, and usually is, kept above the level of the water in the reservoir. 
Under certain circumstances this advantage becomes very important, because a larger 
wheel retains more effectually the power communicated to it than a smaller one 
would do. 

The water is usually brought upon breast-wheels by a trough, at the end of which 
is a vane to regulate its admission to a series of guides serving to direct the water 
into the buckets. These guides are usually made vertical, and the buckets are 
disposed in such a manner as to continue that direction when they pass in front of 
the openings. 

The loss of head arising from the form of the buckets, and the centrifugal force, 
being proportional to the diameter, there will naturally be an advantage in making the 
latter nearly equal to the fall. It follows, that inasmuch as in breast-wheels the summit 
must not be below the level of the water in the reservoir, the dynamical effect will be 
the greatest when the water strikes the wheel at the smallest distance from the summit 
of the wheel. In the greater number of high breast-wheels this distance, measured on 
the exterior circumference, may be 30°, or even less, for wheels of 20 feet and 
upwards j in small wheels it is usually considered advisable to make it 40°. Many 
millwrights even make the water strike the wheel at an angle of about 52°, but 
evidently the water in such a case has no sooner entered the buckets than it is poured 
out again. The loaded arc of the wheel becomes proportionally so small that it 
would be fax more advantageous to adopt a wheel of less diameter. Should the fall 
in fact not exceed 8 feet, it will be found most advantageous to adopt an undershot 
wheel working in a closed channel, which will carry the motive power of the water to 
the lowest point of the revolution. 

From the observations made by M. Morin, it would appear that under the most 
favourable conditions the dynamical effect of breast-wheels hardly exceeds 0*788 P H. 
Generally speaking, it would not exceed 0*75 P H, and M. D'Aubuisson is of opinion 
that it should not be calculated to be in practice above 0*70 P H. 

B. The hack^hoi wheel may be considered a species of overshot ^ for it consists of a 
channel carrying the water over the top, and provided with a sluice so disposed as to 
cause it to revert and strike the wheel at the back. This arrangement involves a 
trifling loss of fall between the channel and the wheel ; hut on the other hand it 
obviates the inconvenience alluded to as aris^g from the flooding of the tail bay, by 
causing the wheel to ^volve in the direction of the current in the latter. 

Mr. W. Fairbairn has done more to improve the effective power of bucketed water- 
wheels than any other constructor of late years, by the introduction of what he calls 
ventilated buckets. As he observed in the Paper upon this subject presented to the 
Institution of Civil Engineers, “ close bucketed wheels labour under great difficulties 
when receiving the water through the same orifice at which the air escapes, and in 
smne wheels the forms and construction of .the buckets are such as almost entirely to 
prc^nt the entrance of the water/' The modifications he introduced may generally 


'll*" 


WA.TBH-'WHEELS. 


?57 




be stated to have been for the purpose of preventing the condensation of the air, and 
for permitting its escape during the filling of the bucket with water, as also its 
re-admission during the discharge of the water into the lower mill-race. 

The sketches in the // 

margin illustrate the mode l //J 

of ventilation proposed by \ ^ H 

Mr.Fairbairn for («)high ^ 1 

or (^) low breast-wheels, j f' l 

the former being usually W ^ ' ] 

close soled. It is also to \\ Jh 

be observed, that Mr. K \ 

Fairbairn attaches great ^ \ b ^ m\ 

importance to the con- \ TO \ r\\ 

struction of the breast. \ ))\ \ 

He makes it fall away \ ^ 

suddenly at a short dis- V ^ \ 

tance above the line pass- \ 

ing through the centre, \ \\ v 

in order to secure the ' 

rapid clearance of the 

buckets directly they shall anive at that \ ^ 

point of the revolution. > \ \ 

6. Horizontal Wheels^ struck hy an 

isolated vein of water. \ J Ej-’ 

In the South of France a great num- 
her of mills exist, in which the wheel, J J 

instead of occupying a vertical position 
as it usually does in Northern Europe, 
is placed horizontally. From the fact 
that this position dispenses with all 
complication of movement in the trans- 
mission of the power, it is preferred in countries where skilled labour is expensive 
and repairs difficult. In such mills the same shaft which carries the wheel commu- 
nicating power at the bottom carries the mill-stones above ; it works upon a pivot let 
into a moveable seating able to be raised or lowered, to secure the proper intervals 
between the fixed or revolving stones. 

The old mills figured in Belidor's ' Architecture Hydranlique ' consist of a vertical 
shaft, upon which are fixed a series of blades, mostly curvilinear, although of different 
forms in almost every instance. The water communicating motion is admitted to 
some of these wheels in an isolated vein by means of a pipe, in others they are placed 
in a cylinder open below, and the movement is produced by the escape of the water. 
At the latter end of the last century many rotary machines were proposed, in which 
the water communicated motion by reaction, and the mathematicians of that time 
paid considerable attention to the investigation of the laws afiFecting them. Still 
more recently, or about 1825, M. Burdin introduced the class of horizontal wheels 
called * turbines ' to public notice, and his pupil M. Fourneyron, together with Messrs. 
Zuppinger and \¥hitelaw, have considerably improved it. 

In the horizontal mills used in the Alps and the Pyrenees the wheels are usually 
about 5 feet 6 inches in diameter, and only 8 inches deep; the blades are about 18 in 
number. The portion receiving the shock is concave and of an inclined curviUnear 
form, so arranged that its intersections by a series of planes vertical, and perpen- 
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dicQlar to the radius, form curves increasing as they recede from the centre. The 
upper element of these curves is vertical, the lower one is the more inclined in 
proportion as the extremity is approached, where the curvature is nearly equal to a 
quadrant of a circle. 

The water is directed upon these wheels with a head of from 24 to 30 feet, or even 
more, and exercises its effect principally by its shock, if not entirely. If the floats 
then were normal to the direction of the current upon their whole surface, the 
expression of the maximum of effect, E, would be nearly E = i P//, calling the 
height really corresponding to the velocity with which the water strikes the wheel. 
In practice the real effect is below that given, for not only is a portion of the water 
wasted without striking the wheel at any point, hut also the greater portion will not 
strike it vertically to the surface of its blades. Experiments upon the useful effect 
of these mills have reduced the expression given above to ^ P H, hut it is not usually 
considered safe to adopt a higher proportion than 0*30 P H. 

7 . Horizontal Wheels worMng in a Cylinder. 

The last-cited description of horizontal wheels are principally employed when the 
stream is small in volume and the fall great ; hut when these conditions are reversed, 
the wheel is made to work in a cylinder of wood or of stone, open above and below. 
These wheels are, and have long been, very common on the hanks of the Garonne, the 
Tame, the Aveyron, and the Lot, in the South of France. 

The wheels are usually made about 3 feet 4 inches diameter, and 10 inches deep ; 
the blades are nine in number, and 





formed as described for wheels moving by 
the percussion of an isolated vein. The 
cylinder is made about 7 feet 6 inches 

deep, and 3 feei 4| inches diameter ; the I 

wheel heing placed quite at the bottom. \ 

A channel serving to conduct the water R 

is formed in the whole vertical height 
of the cylinder above the top of the ^ 
wheel, it diminishes gradually to its 

point of discharge where it is not more j 

than 11 inches wide, and one of its 
faces is tangential to the inner curve 
of the cylinder. The water, after leaving 

the sluice at the entrance of the channel, is directed with violence against the part of 
the cylinder immediately opposite to it; following the new direction it thence receives, 
it runs round the sides of the cylinder, acquires a circular motion, descends, and 
strikes the wheel upon which it acts by its impulsion and its weight, T communicating 
to it the motion thus acquired. 

The space left between the wheel and the sides of the cylinder is a cause of consi- 
derable loss of power, because the centrifugal force of the descending current causes 
the water to adhere closely to the sides, and a great portion thus escapes without pro- 
ducing any effect. In the most modern machines of this description, the cylinder is 
made rather smaller than the wheel, which is placed immediately beneath it, so that 
nearly all the motive current falls upon the wheel; but even in this case there is a 
loss of velodty in the current, owing to the change of direction. 

Morin gives a rule to calculate the number of revolutions a wheel of this descrip, 
tion should perform in a second. It is as follows : 






, in which 
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n = the number of revolutions ; 

D == the diameter of the cylinder in yards and decimals of yards ; 
r>'= the diameter of the wheel; in ditto ; 

E = the opening of the sluice. 

The form of the curved blades is to be ascertained by the rules usually applied to 
the other kinds of wheels, constructed with floats of that nature, observing that, to 
insure that the water shall exercise all its dynamical etfect, it must enter and act upon 
the wheel without shock, and leave it vrithout velocity. From the difficulty attending 
the attainment of these conditions, it arises that, perfect as these horizontal wheels are 
in theory, their real effect is rarely more than ^ P H; and it is only in the most perfectly 
constructed modem ones that it rises to 0*25 P H. Morin, however, states that in some 
instances it has attained 0*35 P H ; and he adds, that the maximum of effect is 
obtained when the velocity of the mean sheet of water, », at the point where it strikes 
the wheel, is 0*55 of V, the velocity at which it flows into the Cylinder. 

Small as is the practical result attained, compared with the volume of water em- 
ployed, the simplicity and solidity of the mechanism of these wheels may frequently 
render their adoption desirable. They possess another advantage, viz. they are able 
to work when they are flooded to a considerable height, — in fact, so long as an appre- 
ciable difference exists between the fore and the tail bays. D’Aubuisson states, that 
in some rivers where the fall is small, not exceeding in many oases from 4 to 5 feet, 
these wheels are placed from 1 foot 8 inches to 2 feet 4 inches below the surface of 
the ordinary waters in the river in the tail bay. 

8. Turbines of M, Foumeyron. 

The great waste of water which takes place in all horizontal wheels struck by an 
isolated vein, or working in a cylinder, led to numerous modifications whose success 
did not promise much useful result, until M. Eourneyron, continuing the investigations 
of M. Burdin, was led to discover the principles upon which turbines, or whirl-wheels, 
are constructed. Instead of placing the wheel within^ he placed it outside the cylin- 
der, round which it works like , . 111 } . 1 


a ring, with only sufficient 

play to insure the action of — 

the machinery. The cylinder — 

is made with a series of 

orifices upon its circura- 

ference, and the water is 

directed against the curved 
blades of the annular wheel 
by a series of directing parti- 
tions, striking them all at the ^ 

same time- When these "y 
machines are carefully made, 
they are found to be equally 

fitted for large or small falls j — 

they weigh very little in com- 

parison with the effect pro- ^ 
duced, and are able to work 
as well when under great 
depths of water as in their normal conditions. 

Since these wheels perform as well 
the tail bay, the first rule to be 
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the level of the lowest water, which will render the total fall available at all times. 
They consist, like all other horizontal wheels, of three parts ; the cylinder with its 
supports, — the turbine itself, properly so called, or the annular wdieel, — and the 
sluice. The cylinder is usually made of cast iron, and has in the centre a water-tight 
passage for the vertical first motion shaft : the 
partition directing the water to the blades of 
the turbine are of wrought iron. The turbine 
consists of two hoi'izontal cast-iron plates, 
maintained at their respective distances by 
the blades of wrought iron; the lower plate is 
cast with a seating to receive the vertical shaft, 
which is keyed on to it, and works in a cup 
or socket able to be raised as required. The 
blades are of a simple cm-ve, the first element 
of which is perpendicular to the inner circum- 
ference of the turbine, and the last forms an 
angle of 15° with the outer circumference. The 
directing plates of the cylinder are made deeper than the blades of the turbine, and, 
for about 10 inches of their length, are in a straight line forming an angle of 30° with 
the exterior surface : the form of the remaining portion is not of importance. Inside 
the cylinder works the sluice, formed by a second cylinder working vertically, and 
opening the passages left in the side of the larger one. Its motion is regulated by a 
rack and pinion : care must be taken to round the lower edge of the sluice so as not 
to interfere with the discharge of the water. 

It is to he observed, that as the blades of turbines are composed of a series of ver- 
tical elements, the water in leaving them is only affected by the centrifugal force 
which produces the rotary movement. Neither the weight nor the shock of the stream 
is employed ; and this may he said to be the only machine in which motion is 
obtained by the centrifugal force. 

M. Fourneyron has published the rules to be observed in tbe construction of tur- 
bines ; but by his patent he has reserved to himself the right of constructing them so 
long as the patent may last. The rules are briefly as follows : 

The volume of water will be determined by the total fall, and as it is known that a 
turbine will yield an effective power equal to 0*70 of that applied to the machine, the 

Vv 

quantity to be supplied per second will be Q = — ■ — « The numeration of these 

formulse is of course based upon the metrical system of weights and measures ; but 
if we adopt the yard and its decimal subdivisions tbroughout, little practical error 
will arise. 

For moderate falls, the velocity of the water in the cylindrical reservoir should not 
exceed ^th or ^th of that due to the total fall ; the mean velocity of the water, or U, 
wiU then be taken at ^tb or ^th of tbe velocity due to H, and the diameter will be 

/ ^ 

calculated by tbe formula D = /y 5 7 7354 “ jj* The interior diameter of the wheel 

is made about If" or 2" greater than that of the cylinder, and is again from 0*70 to 
0*80 of its own outer diameter. 

It is found that the useful effect of turbines is greater in the same proportion that 
the opening of the sluice becomes more equal to the height of the wheel, or of the 
apertures of the directing blades. Again, the ratio of the velocity of the exterior cir- 
cumference of the wheel to the speed due to the height of the fall, which corresponds 
with the maximum effect, increases with the opening of the sluice, and the more 
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rapidly in proportion as the fall is greater. For wheels with an average head of from 
10 to 14 feet, and a large supply of water, the velocity of the exterior surface of the 
turbine will be determined by the number of revolutions, which may vary between the 
, V V 

limits n — 5*25 — to — 7*5 — : when the fall is between 18 and 26 feet, and the 

supply small, the formulae become n == 4*50 ^ to n = 5*50 •=; j and from the number 

thus ascertained the dimensions to be given to the various communications of move- 
ment may easily be calculated. 

9. Horizontal Wheel with Partitions^ 

This was the form of turbine proposed by M. Burdin, and it also consisted of two 
parts, the one fixed and the other moveable ; hut, instead of placing them concentri- 
cally, one was put above the other. The most correct idea of this machine may be 
formed by representing to ourselves a circular basin, the bottom of which is pierced 
by a number of holes or orifices, widened at the top, so as not to diminish the fluid 
vein, and disposed in such a manner as to project the fluid at an angle which is most 
calculated to produce a good effect. 

Immediately below this basin is the wheel : its tipper portion forms a shallow cir- 
cular trough ; upon the bottom there is a series of small funnels close to one another, 
and having below tubes bent in such a manner as to have their upper portion vertical 
and the lower portion horizontal. The water descending from the orifices of the 
basin falls into the funnels at the bottom of the trough ; it passes along the tubes, 
and acts upon them by its weight and by its centrifugal force. 

The useful effect of these machines is 0*67 P H. 

Reaction Wheels, 

These wheels form parts of machines in which the water is contained within the 
mechanism. In leaving it, an effort is exercised, reacting upon those portions oppo- 
site to the discharge orifices, and producing a receding action able to be converted 
into a movement of rotation. 

The useful effect of these wheels is so small (never exceeding, in fact, 0*65 P H, 
and very rarely attaining that limit) that it will not be worth while to dwell upon 
them longer than is necessary to describe one of the most successful instances of its 
adaptation by Manouri d’Ectot. The water descends a vertical shaft, and passes into 
a series of horizontal arms larger in the middle than at the apertures, and curved to 
the form of an 02 . The water communicating power is admitted below the wheel 
by a bend terminating at the centre. 

Barkeris Mill, and those constructed after the principles laid down by Euler, by 
Mathon de la Cour, and others, are but modifications of the above. Euler was very 
enthusiastic in his endeavours to introduce this machine; but in spite of his assertion 
that it excelled all other methods of employing the force of water to produce mo- 
tion,^' their practical value has been fax below what we might have been led to 
expect. 

Comparison of the different descriptions of Water-wheels. 

Wheels with straight floats working in a breast fitting closely, and with a sluice 
allowing the water to fall over its upper edge, produce a useful effect, after deducting 
the friction of the bearings, of about 0*60 to 0*65 of the absolute power of the motive 
stream. They may, without any appreciable difference in their proportional results, 
move with very different velocities. They are the description best adapted to falls of 
from 4 feet to about 8 feet 6 inches in height 
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As their radius ought to be at least equal to the height of the fall, if the latter ex- 
ceed 8 feet 6 inches, they will become inconveniently heavy and cumbrous : they will 
also require a perfection of execution not easily attained in new countries or colonies. 
They have, moreover, the more serious inconvenience of not being able to work 
should any back-water exist in the tail bay. 

The undershot wheels with curved floats, on the system of M. Poncelet, yield, as 
we have seen, 0'60 of the total motive power when the fall is about 5 feet and under, 
or 0*50 when that height is exceeded. 

They can work with considerable velocity, which allows of their making a greater 
number of revolutions than any other system of undershot wheels. Their width, and 
consequently that of the channel and the sluice, are, for an equal force, less than in 
the case of straight wheels. It follows that their construction is more economical, 
their weight less, and their establishment more easy in certain positions than is the 
case with any other undershot wheels. They can be flooded to the depth of their 
shrouds, VTithout materially impairing their useful effect, — a great advantage in coun- 
tries exposed to inundations. 

An objection, or rather an inconvenience, attached to their use consists in the fact 
that if they be made to revolve at a velocity sensibly different from that of the maxi- 
mum effect, the water will rebound into the interior of the wheel, and give rise to a 
corresponding loss of power. 

They are particularly adapted to small falls of about 5 feet and under, possessing a 
great flow of water. 

Bucket-wheels present the same advantage with wheels carrying straight floats 
working in a close breast, of yielding 0*70 of the motive power. They are particularly 
adapted to falls of 10 feet or upwards ; and as they do not require to work in a close 
breast when their buckets are only half-filled, their construction is very economical. 

As the water ought generally to pour upon them with a velocity of from 8 to 10 
feet per second, and the falls are considerable, they are able to apply usefully great 
motive power without requiring an excessive width. In the case of great falls, also, 
they are able to work when the wheel is flooded to a height above the shrouds. 

The breast-wheel is superior to the overshot when the supply of water is variable, 
and, from the fact that its diameter may be made to exceed the total fall, it is the 
most advantageous in cases where the first motion of the machinery is required to be 
considerable. The back-water, in times of flood, has less influence upon this class of 
bucket-wheel than any other : they can therefore work for a longer time, and to a 
much greater d^epth in back-water. 

The majority of horizontal and reaction wheels have been found to be so practically 
useless, that they have been almost entirely abandoned, with the exception of M. 
Fourneyron's turbine. The Continental Engineers have a decided predilection for 
this class of machines upon the following grounds, stated by M. Morin, who has very 
closely examined their action. 

They are applicable to any height of fall, from the least to the greatest hitherto 
employed. M. Eourneyron has himself executed one at Pont sur TOgnon, working 
occasionally vrith only a head of 9 inches; he executed another at St. Blasier, in the 
Black Forest, for a fall of 354 feet. 

From 0*70 to 0*75 of the net eflfective power may be obtained, and the turbines 
may revolve even at velocities differing widely from that corresponding with the 
maximum of effect, without thereby giving rise to a notable loss of power. 

In addition, they possess the advantages of occupying a very small space ; they can 
be placed at almost any position where the power may require to be employed ; and, 
as they may be made to revolve at much higher velocities than any other description 
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of wheels, they obviate the necessity for multiplying gearing in the working machi- 


TForks consulted. — Smeaton on the Power of Mills — Treatise on Mills, hy 
John Banks — Practical Essay on Mill- work, hy Buchanan — Eairbairn on Ventilated 
Water-Wheels — Glynn’s different Papers communicated to the Institution of Civil 
Engineers, and to Scientific Journals — Beardmore’s Tables — ^Templeton’s Millwright’s 
Assistant, &c. — D’Aubuisson’s Traite d’Hydraulique — Morin’s Aide-Memoire de 
Mecanique Pratique — Claudel’s Formulas a I’Usage des Ing^nieurs. — Belidor and 
Navier’s Architecture Hydraulique—Bossut’s Recherches experimentales sur I’Eau et 
le Vent — Fabre, Essai sur la Construction des Roues hydrauliques — Poncelet’s Me- 
moires sur les Roues hydrauliques a Aubes Courbes — Coriolis, Calcul de I’Effet des 
Machines — Egen, Untersuchungen fiber den Effekt einiger in Rheinland -Westphalen 
bestehenden Wasserwerke — Euler’s M^moires in the Transactions of the Berlin 
Academy — Bernouilli, Hydrodynamica — Transactions of the Society of Arts — Reper- 
tory of Arts, &c. — Transactions of the Franklin Institution, &c. &c. 

The reader is also referred to the forthcoming Elementary Treatise on Mills and 
Mill-work, by Mr. Glynn, forming part of Mr. Weale’s Series of Elementary Works, 
for details with respect to the application of the power, the production of which alone 
has been considered above. An examination of the machinery required to effect the 
various operations of grinding flour, of sawing, spinning, weaving, gunpowder-making, 
&c., would have swelled this article to a very inconvenient extent. 


WEATHER.* — Under this head we may briefly notice those phenomena upon 
which the peculiar character of the climate of the different parts of the earth depends, 
and the causes of those changes in the condition of the atmosphere which we daily 
witness. 

The Meteorological Instruments which are employed in indicating the condition of 
the atmosphere may here also be described. 

The state of the weather, to use a familiar expression, depends upon the direction, 
and force of the wind, the temperature and humidity of the air, the state of the 
clouds, the amount of rain, hail, or snow, which falls, and the lightning or thunder 
observed qr heard. 

Now all these ever-varying phenomena of the heavens have their origin in two. 
causes, viz. the position of the sun with reference to the different parts of the earth, 
and the rotation of the earth upon its axis. 

Within the tropics, in those parts of the earth over which the sun. is vertical, the 
temperature is greatest, and as we proceed north or south from the equator the 
temperature diminishes with the latitude ; thus in the Northern Hemisphere the 
mean temperature of the air at the equator being ..... 81®*5 

At Jamaica » 78 *8 

New Orleans 87 *0 

Washington 54 

Halifax 43 *2 

Fort Simpson ^ ^ 25 *3 

Melville Island 1 *7 


By Captain James, Royal Engineers. 
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And in the Southern Hemisphere the mean temperature of the air at 
Mararham, close to the equator, is . . . * 81®*4 

At Rio Janeiro . . . . . • • • ... ^^ '2 

Montevideo ........... 66 *8 

Buenos Ayres . . . . . . . . . . 62*6 

Falkland Island ... ... . . . . 47 *1 
Port Famine ... ... . - . . . 39 *0. 

In consequence of this unequal distribution of heat, the air expands and becomes 
lighter under the tropics and rises into the higher regions of the atmosphere, 
where it overflows and is driven off towards the poles, whilst the colder air from 
the polar regions returns as an under current to restore the equilibrium. 

But the equatorial regions and the atmosphere, in consequence of the rotation 
of the earth, move with greater velocity than those parts which are at a distance 
from it; hence it follows that the atmosphere moving from the equatorial regions 
partakes of this motion as it proceeds towards the polar regions, and instead of 
proceeding directly north or south, proceeds obliquely in the direction of the earth’s 
motion, that is, in a north-easterly or south-easterly direction, whilst the colder 
under current from the polar regions proceeding towards the equator is met by the 
higher velocity of that part of the earth, and as an easterly wind. 

Thus on the Peak of Teneriffe the wind almost always blows from the westward, 
whilst the ^ trade wind ^ below is blowing from the eastward : the ashes from 
volcanoes within the tropics have been frequently found to have been carried 
hundreds of miles by the upper current of air, in a direction exactly opposite to that 
from which the wind blows in the lower regions. 

Within 30° of the equator the under current of air proceeds steadily as an easterly 
wind, and has received the name of the * Trade Wind vessels entering it carry it 
with them till they approach the line, where the northern and southern currents 
meet and produce the region of * calms,Vhut subject to those violent rotatory storms 
which have been so ably described by Colonel Sir William Reid, and which have their 
origin in the meeting of the currents of air moving in opposite directions. The whirl- 
pool and whirlwind are but the effect of eddies in the stream. 

Beyond the latitude of 30°, the upper currents approach the surface of the earth, 
and dispute the passage, so to speak, with the colder currents firom the polar regions, 
and thus it is, that in these latitudes whilst the warm winds reach us from the 
south-west, we also experience the cold winds from the north-east, and that whilst 
the one is blowing in one part of very limited areas, the other is blowing in others ; 
or if we watch the ascent of a balloon, we may not unfrequeutly see it rise and 
proceed at first with the wind in one direction, and then enter a current of air in 
a different or perhaps exactly opposite direction, thus proving that the currents are 
proceeding above and around us in different directions, — the colder from the north, 
the warmer from the south. 

Land winds and sea breezes are produced by the higher temperature which the 
land acquires duringihe day than the sea: hence as soon as the earth becomes 
heated, there is an ascending column of air from the land, to be supplied by the 
colder air from the sea. And if the temperature of the ground at night falls below 
that of the sea, the current is reversed and the land wind prevails. 

The amount of vapour in the air, where there is a full supply of water, depends on 
its temperature ; hence in warm climates, in those places where the prevalent wind is 
h:om the sea, the moisture of the air is excessive ; and in all places where the wind 
blows firom the sea, the humidity of the air is in proportion to the temperature ; as 
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evaporation proceeds, the vapour rises into the air, is borne up by the ascending 
currents, and carried into the higher regions of the atmosphere.* 

If a stratum of air saturated with invisible vapour ascends into a colder region, 
the vapour is partially condensed and is seen in the form of clouds, and if these 
clouds meet with a still colder stratum of air, the vapour is further condensed and 
descends as rain ; or, if the cold is sufficiently great, as hail or snow. From these 
considerations it would follow that the quantity of rain which falls at any place 
should be in proportion to the temperature of the air at that place ; and as a general 
rule this is true, but the form of the land, and the prevalent direction of the wind at 
I any place with reference to the sea or land, so alter the condition of the problem, 

' that in many places we have the very opposite results, — thus in Chili rain never falls, 

whilst at Sparkling Tan, in Cumberland, the quantity of rain which fell in 1848-9 
was 148*59 inches, the average quantity which falls at the Royal Observatory at 
Greenwich being only 22*25 inches: but such apparent anomalies are readily 
explained ; the ' clouds loaded with moisture are carried along till they meet with 
a mountain-range where the clouds are constrained to rise into a colder region, which 
immediately precipitates the moisture in the form of rain, and the air is robbed of 
its load. Thus, in the Andes, on the eastern side, moisture and rain is frequent, 
whilst in Chili no rain falls ; in the Ghats, along the western coast of the peninsula 
of India, during the south-west monsoon, the quantity of rain which falls at 
Mahabuleshwer is 254 inches, whilst not a drop falls in the Deccan behind the 
I Ghats. On the southern side of the Himalayas there is constant rain and moisture, 

' whilst not a drop falls in Thibet on the northern side. 

It is needless to multiply examples ; wherever high land intercepts the passage of 
< the clouds from seaward, there the greatest amount of rain will fall, and the amount 

J which falls on the windward side will always be greater than the amount which falls 

* on the leeward side of the range. 

The altitude at which clouds float in summer is greater than it is in winter, and 
they float at a greater height in warm climates than in cold. 

The height at which the clouds float in India is about 4500 feet ; the height at 
which they float in Cumberland is about 2000 feet : hence it is that at about these 
altitudes the greatest amount of rain falls ; as we ascend higher or descend to a 
lower altitude, the quantity diminishes, as will be seen by reference to the following 
Table, which is taken from Mr. Miller's Paper on the quantity of rain which falls in 
the Lake district of Cumberland and Westmoreland, published in the ‘ Transactions 
of the Royal Society.' 



Altitude above the 
Level of the Sea. 



Feet. 

Inches. 

The Valley . . . . . 

160 

170*55 

Stape Head .... 

1290 

185*74 

SeatoIIer Common . . 

1334 

180*23 

Sparkling Tan . . . j 

1900 

1 207*91 

Great Gable . . . . ' 

2925 

136*98 

Sea Fell 1 

3166 

128*15 


The following Table is from Lieut-Col. Sykes’s Paper on the Meteorology of 
India, in the ‘ Transactions of the Royal Society.' 


* Mr. Glaisher estimates the quantity of water which is annually converted into vapour at 
upwards of 60,000 cubic miles. 


3 D 




VOL. III. 


766 


■WEATHER. 


w 





' *1 


Mean of Seven Stations at sea level 

. . . 81*70 inches. 

At 150 feet Rutnaghery . . . . . 

... 114*55 „ 

„ 900 ,, Dapoole . . ... . 

. . .134*96 „ 

,,1740 „ Kundalla . . . . . . 

. . . 141*59 „ 

„ 4500 „ Mahabuleshwer . ... 

. . . . 254*05 „ 

„ 4500 „ Uttray Mullay . . . . 

. . . . 268*21 „ 

,,6100 „ Rotergherry . . . . . 

00 

,, 8640 „ Dodalutta . . , . . 

. . . . 101*24 „ 



In plains or in those parts of the country where the hills have hut a small altitude, 
the quantity of rain which falls on the ground is greater than the quantity which falls 
at ditferent altitudes above the ground j thus, at Greenwich the quantity which fell 
in the year 1844 was 

On the ground * , . . ... . . 23*2 inches. 

24 above the ground . . . . . . . 22*2 „ 

50 above the ground .... . . . 14*6 „ 

Corresponding results were obtained at Westminster Abbey, York Minster, White- 
haven, Calcutta, and Bombay. This may be explained by supposing the cold rain as 
it descends to condense the moisture of the air through which it passes : it is stated 
in the Abstract of the Observations taken at Greenwich in 1842, that “ where the 
rain has been warm in respect to the temperature of the air at the time, no differences 
have existed in the quantities of rain collected at the different heights, and that when 
the temperature of the air has been greater than the temperature of the rain, a 
difference has always existed.” 

As a general rule, the amount of rain which falls at any place depends upon the 
mean temperature of the place, and the quantity which falls in summer is greater 
than the quantity which falls in winter ; this is the case within the tropics : at Green- 
wich and Toronto, the relative quantity which falls in summer and autumn, to that 
which falls in winter and spring, is about 2 to 1, hut on the confines of the trade 
winds, its limits being dependent on the position of the sun to the north or 
south of the equator, this may be reversed ; thus, at Madeira the south-westerly 
winds are prevalent in winter, whilst in summer the easterly trade winds prevail : the 
quantity of rain which falls in winter is eighteen times greater than it is in summer. 

In the flash of Lightning we see the electric spark disengaged by the sudden 
condensation of the air and precipitation of vapour ; this is followed by the collapse of 
the clouds and the rushing in of the air to fill the void, the noise produced by which 
is Thunder; or the different currents of air being in opposite states of electricity may 
cause electrical discharges : thus the spark is seen to proceed from cloud to cloud, or 
from the cloud to the earth, descending harmlessly by good conductors, or witli 
fatal energy to the masts of ships or the spires of churches, &c. &c., where not so 
protected. 

The height of the atmosphere is estimated at from 50 to 60 miles, though it may 
extend to a much greater height in a highly rarified form ; but in consequence of its 
elasticity and the condensation of the lower portion by the pressure of the upper, 
three-fourths of its volume is within 6 miles of the surface of the earth. 

The average pressure of the atmosphere at the sea level is 14f lbs. per square inch, 
or equivalent to a pressure of 30 inches of mercury ; but in consequence of the 
different density of the air depending upon the temperature, and those great displace- 
ments caused by currents in the air, the pressure is found to vary from 28 inches of 
merctiry to 31 inchesj—the ordinary limits of the scales applied to the barometer. 
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If the ah* was of an uniform temperature over any given place, the pressure would 
diminish uniformly as we ascended; but in consequence of the decrease of temperature 
as we ascend, and the greater density produced by the cold, this regularity in the 
decreases of the pressure does not exist: hence in determining altitudes by the 
barometer it is necessary to take this element into the calculations. 

In consequence of the expansion of the air by increase of temperature, it is found 
that the pressure of the atmosphere diminishes as the temperature increases ; thus the 
pressure of the atmosphere in the tropics is less than it is in places remote from it — ■ 
it is less in summer than in winter — it is also less at the warmest hour of the day 
than at the coldest — it is less also when warm winds prevail than when the colder 
blow : this may be considered as the general law for the pressure of the dry air, but 
as the air is generally loaded with moisture in proportion to the temperature, it is 
necessary to deduct from the observed height of the barometer the pressure which is 
due to the vapour of water mixed with the air, 

Baron Humboldt says — ** The hourly variation of the barometer, which under the 
tropics presents two maximums at 9 or 9^ a.m. and at 10^ or lOf p.m., and two 
minimums at 4 or p.m. and at 4 a.m., which are nearly the hottest and coldest hours 
of the day, was long the object of my most careful daily and nightly observations.'^ 

Similar results were obtained from the observations taken in the Deccan. 

Col. Sabine, R.A., states, that “it has become known, that in the interior of great 
continents very distant from the ocean or from large bodies of water, from whence 
aqueous vapour may be derived, and where the air consequently is at all times 
extremely dry, the double maximum and minimum of the diurnal variation of the 
barometer either wholly or almost wholly disappears, and the variation consists in a 
single maximum or minimum which occur respectively nearly at the coldest and at the 
hottest hours of the day and that “ if the elastic force of the vapour be observed by 
means of an hygrometer, with the same care that the barometer is observed, and if the 
respective pressures of the elastic forces of the air and the vapours upon the mercury 
of the barometer be separated from each other, the diurnal variation of the dry air 
exhibits at all stations in the temperate zone at which observations have hitherto been 

made, a similar course to that which the whole barometric pressure produces at the < f 3 j. 

Russian station, where the air is naturally dry." 

Barometer, 

The instrument employed to measure the pressure of the atmosphere is the 
barometer: the mode of constructing these instruments is very different, but the 
principle is the same in all.* If a glass tube about 3 feet long is filled with mercury 
and carefully inverted in a cup of the same fluid, it will be found that the mercury 
will stand in the tube, in consequence of the pressure of the atmosphere, at about the 
height of 30 inches above the surface of the mercury in the cup ; or if a syphon, one 
end of which is closed, is fiUed with mercury, and then held in a vertical position so as 
to leave a vacuum at the closed end, the difference between the levels of the mercury in 
the two columns, as in the former case, wiU be about 30 inches, and vary in propor- 
tion to the pressure of the atmosphere.f 

Kg. 1 represents the construction of the barometers which have been adopted for 
the use of the Officers of the Royal Engineers at our principal foreign stations, p is 

— — 

* The Aneroid barometers are not referred to, for although they indicate any change in the 
amount of pressure, they do not accurately indicate the amount. 

t Gay-Lussac’s mountain barometers on this principle are very perfect instruments, and were 
used by the Officers employed on the Survey of the North American boundary. 
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an ivory point wbieh is the zero of the scale, and to which the surface of the mercury 


in the cup or cistern is exactly adjusted by means of the 
screw B, which raises or lowers the mercury as may be 
required t the brass tube surrounding the tube of mercury 
is the scale of the instrument, the upper portion of which 
is graduated so that with the vernier v the height of the 
column of mercury can be read- to the one-thousandth part 
of an inch. The thermometer t. is inserted at c into the 
mercury in the cistern, and the instrument is adjusted in 
a true vertical position by the screws at a. The corrections 
to he applied to the readings- of the barometer are for 
capillarity, which is always additive,, as the action, of the 
tube is to. depress the height of the column of mercury : 
the amount of this correction is usually stated by the 
maker of the instrument, or is taken from Tables w'hicli 
give the amount for each sized tube. All the instruments 
sent to the Royal Engineer Stations have been compared 
with the standard barometer at Greenwich, and the index- 
error of each determined. For strict comparison of the 
results obtained in different parts of the globe, it is neces- 
sary to reduce the readings to^ common standards of tem- 
perature, and to apply corrections for the altitude of the 
different stations above the level of the sea, and also for 
gravity, depending upon the latitude of the stations. 

These corrections are rendered extremely simple by 
means of Tables which will he found in the Report of the 
Royal Society on Physics, and by the Tables computed 
from Bailey^s formula for determining altitudes by means 
of the barometer ; but it is only necessary to apply the 
correction for the index error and capillarity, and for 
temperature, to the periodical observations: the other, 
corrections are applied only to the mean results. 

Example. 

Reading of Barometer « 29'756. Thermometer 77.'®. 

Index error + *009 

Capillarity +*014 f From 

Temperature —*129 t Table; 

- *106 


Fig. 1. 




Corrected *= 29*650 

Instruments with closed cisterns, without zero points, 
nequire a correction for capacity, but these are not con- 
sidered very accurate instruments. 

It is unnecessary to describe the construction of a 
Thermometer y as every one is familiar with it. Seven have 
been sent to each of the Royal Engineer Stations ; one is a 
standard thermometer about 20 inches long : these have 
been compared with the standard thermometer at Green- 
wick y, the six others have been sent in a case, as shewn in 
fig. 2. Ko. 1 is for ascertaining the maximum temperature 
in the sun. K'o. 2, minimum temperature on the grass. 
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No. 3, maximum temperature of the air. No. 4, the minimum temperature of the 
air in the shade. No. 5, the maximum indication of the wet bulb thermometer. 
No. 6, the minimum indication of the same. 


The maximum temperature is shewn by the position of the steel index in the tube 
of the thermometer ; it is pushed along by the mercury, and remains at the highest 
point the mercury had reached : the small magnets m are for the purpose of moving 
the index, or holding it in the end of the tube when travelling. 

The minimum temperature is shewn by the position of a small porcelain index in 
the tube, which is carried Eig. 3 . 

back by the spirit in the 
tube to the lowest point C 

to which the spirit -des- • I w 

cended, where it remains,; [ - I ^ jM 

the spirit in ascending M 

passes it without disturb- n-B ^ 

ing its position. ® H j| 

If we know the tern- *d 11 

perature of the air, and pH q| 

also the temperature of *60 || |,,|| 

the dew point, «. e. to 31 

which the temperature of ll I !' 

the air must be reduced 

to produce saturation or S M 

to precipitate the aqueous 
vapours contained in it, 

nearly all the hygrometri- ||||||Mllilllil|lil^ 11 l lililll! 111111 1 jlil 

cal problems can be solved. I B ii lili 11 1 11 IIb ii lli 

BanielVs Hygrometer is ||| ffl | I H 

designed to indicate the llillliilll l ii llillii i lltilHillli iWili Ulii H I HI . 

temperature of the dew 0 1 * ^ t V 

it consists of « ^ ' 
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tube bent as shewn in fig. 3, in one arm of wMcb is a small tbermometer^ partiallj' 
immersed in the ether, with which the bulb b is half-filled; the other bulb a is 
covered with muslin, and by dropping ether on it the temperature of the ether in b 
is rapidly reduced, till a ring of dew appears at the level of the ether in b : the 
exact reading of the thermometer at the moment the dew appears is to be noted, and 
is called ‘the temperature of the dew point/ The temperature of the air is seen by 
the thermometer attached to the stand, 

Wei and Bry Bulb Hygrometer, 

This instrument consists of two thermometers : the bulb of one is covered with silk 





or muslin, and kept constantly moist by some threads of cotton or silk which are 
attached to it and communicate with a small vessel, w, of distilled or rain water ; the 
other bulb is uncovered and exposed to the air. As evaporation proceeds from the 
wet bulb, the temperature is lowered in proportionate the dryness of the air : if the 
air is saturated with moisture, there will be no difference between the readings of the 
two thermometers ; but if the air is very dry, the difference is very great, and has been 
observed as much as 20^ in this country. 

Erom simultaneous observations made at the Royal Observatory at Greenwich with 
DanielTs hygrometer, and the wet and dry bulb hygrometer, ‘factors’ have been 
obtained, which, if multipHed by the difference between the readings of the dry and 
wet bulb thermometers, and the product deducted from the reading of the dry bulb 
thermometer, give proximately the temperature of the dew point as observed by 
Baniell’s hygrometer. 

The ‘ factors’ obtained from the Greenwich observations are given in the following 
Table, and an example of the mode of computing the temperature of the dew point is 
subjoined. 
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From the Greenwich ‘ Results,* 
1849. 


Temperature of Air. 

Factors. 

20® to 23® 




8*5 

24 





7*3 

25 





6 -4 

26 

to 27 




6*1 

28 





5*7 

29 





5*0 

30 





4*6 

31 





37 

32 





3*1 

33 





2*8 

34 

to 36 




2*6 

37 

» 39 




2*6 

40 

„ 43 




2*4 

44 

„ 46 




2*3 

47 

» 49 




2*2 

50 

„ 51 




2*1 

52 

„ 65 




2*0 

56 

„ 58 




1*9 

59 

» 61 




1*8 

62 

„ 64 




17 

65 

„ 68 




1-6 

69 

» 90 




1*5 


Tables of the elastic force or tension of aqueous vapour have been calculated 
from experiments made by many distinguished scientific men ; those of Dr. Anderson, 
from the experiments of Dalton and Ure, are considered by Dr. Apjohn as most cor- 
rect. The Table in the Report of the Royal Society on Physics, &c. gives the height 
of the columns of mercury which the elastic force or pressure of the aqueous vapour 
mixed with the air is capable of supporting at every degree of temperature from 
0 to 124® of Fahrenheit, and is a correction to be applied to the barometric heights, 
where the pressure of the dry air only is required to be known. 

The temperature of the dew point, by the aid of that Table, may be computed from 
the following formula by Dr. Apjohn : 

where y" == the force of aqueous vapour at the temperature of the dew point; 

/' -- ditto ditto of wet thermometer; 

d = difiference between the two thermometers ; 
p z= pressure shewn by the barometer at the time of observation. 

The factor ^ - — - may be omitted under the ordinary circumstances of temperature 

and pressure, but must not be omitted where observations are taken at considerable 
altitudes above the level of the sea. 

In the example before given, 

Temperature of the air = 66®*5 

Wet bulb = 58 *5/ == 0*4880 tension of vapour from the Table. 

_ 

*0114 


•0912 -*0912 


Temperature of dew point 52®*5 — *3968 

The observed temperature of the dew point of DanielFs hygrometer was also 52®*5 ; 
the computed temperature of the dew point by Apjohn's formula is therefore cor- 
rect, whilst there is an error of 1°*2 in the computation by the Greenwich factors ; but 
it has been found that Apjohn’s formula does not give correct results in places where 


12 ®* 8 


Temperature of dew point = 53 • 7 


Dry bulb 
Wet bulb 


66® *5 
58 *5 


Difference . , 
Factor . . . 
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the temperature, as in India, is very high, and the diiferences between the readings 
of the dry and wet bulb are as much as 35°. In some cases it is extremely difficult, 
if not impossible, to reduce the temperature of the ether in DanielFs hygrometer so as 
to produce dew on the bulb ; and instruments by means of which a current of air is 
made to pass through the ether, by which the temperature is reduced several degrees 
below freezing, have been made, — of which that by Regnault is most approved. 
Hygrometrical Tables, with instructions for the use of the wet and dry bulb hygro- 
meter, have been published by Mr. Glaisher, of the Royal Observatory of Greenwich, 
by the aid of which, all the hygrometrical problems may be easily solved. 

In the cases of instrurhents sent to the Royal Engineer Stations, Nos. 5 and 6 are 
wet bulb thermometers, and have a trough of water (w) below them. Nos. 3 and 5, 
or Nos. 4 and *6, are therefore dry and wet bulb hygrometers. 

Tig. 5. — Wind Gauge. Scale the full siae. 
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Wind Gauge* 

ffee “wind gauge is designed to measure the force and direction of the wind. 

•Lind's wind gauge consists of a glass syphon carried by a vane, one end of the 
syphon being bent, so as to point always in the direction of the wind.: the diiference 
between' the level of the water in the two arms of the syphon indicates the pressure 
of the wind. 

Whewell's wind gauge is on the principle of -a wind-mill; it is kept directly facing 
the wind by means of the vane, and the pressure and velocity of the wind is ascer- 
tained from the velocity with which the arms turn. But the most usual mode of 
measuring the pressure of the wind is to attach a square foot of sheet copper to a 
vane, the pressure on which is indicated by the compression of spiral springs, or by 
the weight raised by it. Fig. 5 represents the wind gauges which have been sent to 
the stations of the Royal Engineers ; it is represented standing on a stool, to explain 
its construction, but it may be placed -on the top of a house, and its indications read 
in any room of it, or it may he placed on a pole well steadied with guy-ropes, and its 
indications read at any convenient height from the ground. 

It consists of a vane supported and turning on an iron tube t, and a plate of tin p, 
one foot square, sliding by means of a rod through it, on friction rollers in the upright 
supports on the vane ; a wire is attached to the end of the rod, and is connected by 
means of a short piece of chain passing over the wheel (w) to another piece of wire 
-leading to the index i, which is made on the principle of a common weighing ma- 
chine ; and as there is very little friction in any part, the pressure is very accurately 
seen by the index : the maximum pressure between the -periods of observation is seen 
by means of a second hand which remains at the furthest point to which it has been 
-carried by tbe index hand : a spur-wheel at a has been provided for each instrument, 
so that a piece of cor-d fastened to the other end of the rod may be led over it, and 
weights attached to determine the accuracy of the index : half the difference between 
the weights and the readings of the index may be considered the error of the instru- 
ment, and should be added to the index readings when the observations are recorded. 
The vane rests on a hollow truncated cone, on the end of the iron tube t, and there 
is a second tube c attached to the vane at s, which passes down through the tube t, 
and carries a hand or compass cord to indicate the direction of the wind : the inner 
tube may be lengthened to suit any room; the wire from the plate p of course passes 
down through this inner tube, and there are swivels placed on the wire to prevent 
torsion. The following Table of the relative velocity of the wind to the pressure upon 
a square foot has been calculated by Smeaton. 


Pressure 



per square foot 
in ibs. 

Velocity per hour 

Appellation. 

in miles. 

•005 

1 

Hardly perceptible. 

•079 

i\ 

Gentle breeze. 

•123 

5 j 

•492 

1-107 

10 1 

15 J 

Pleasant brisk gale. 

1-968 

3*075 

201 

25/ 

Very brisk. 

4-429 

6*027 

301 

35/ i 

High wind. 

7*873 

40 

Very high wind. 

12*300 

50 

Storm. 

17*715 

60 

Great storm. 

31*490 

80 

Hurricane. 

49*200 

100 

Violent hurricane. 
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Rain Gauge, 

This instrument is for measuring the quantity of rain which falls at any place : the 
receiver is generally made with an area of 100 square inches, and the rain collected 
is measured in a graduated glass, so as to give the quantity in hundredths of inches ; 
or a cylinder of sheet copper or tin, the area of the mouth of which is 100 square 
inches, and depth about 18 inches, has a conical bottom and a smaller cylinder 10 
inches square in area soldered to it, in which there is a float carrying a scale : 10 inches 
of rise therefore in the scale indicates a fall of one inch of rain ; a rise of one inch, a 
tenth of an inch of fall ; and a rise of one-tenth, a fall of one hundredth of an inch. 

This is a very convenient form for a rain gauge, but those which have been sent to 
the Royal Engineer Stations are merely zinc boxes, 10 inches each way, with 
graduated glasses, as in fig. 6. The moveable partition v in the receiver is to prevent 
loss from evaporation ; the quantity received is poured into the glass measure, which, 
as it only measures a quarter of an inch if full, may have to be filled several times. 

. . ■ . Fig. 6, ■ ■ ■ 


^ lO-INS > 

Indications of Change of Weather, 

The words* Fair, Change, Rain, &c. &c., which are usually engraved upon common 
barometers at 29, 29'5, and 30 inches, &c. &c. on the scale, are so far correct, that if 
the mercury is rising or falling steadily to those points, such weather may confidently 
he expected, particularly if the hygrometer also indicates a decrease or increase of 
moisture in the air ; but a sudden fall of an inch in the barometer would almost 
certainly he followed by a storm, though the mercury might still be far from the 
level at which the word * Stormy ^ is usually written. So again we may have 
a continuance of fine weather, though the barometer never reaches the point for ‘ Set 
Fair * weather. A gradual rise or fall indicates a change of weather which is likely 
to be of some duration, whilst a sudden change in the barometer indicates a 
corresponding change in the weather. When the fall of the barometer is sndden, it 
indicates a vacuity over the spot, into which the air will rush to fill it, and this rush 
of the air will be in proportion to the fall of the barometer; in great storms and 
hurricanes it has ranged upwards of three inches, that is, from 28 to upwards of 
31 inches in height : this great height, when the storm is passing away, is due to the 
accumulation of air over the spot, after closing in from opposite sides. A falling 
barometer, when the dew point is high, indicates rain ; but if the dew point is low, it 
indicates wind without rain. 


* At great alritudes these words have no meaning whatever, — they would be above the extreme 
range of the mercury. 
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The hygrometer should always be observed in conjunction with the barometer ; its 
indications are very important aids in prognosticating a change of weather, and the 
nature of the change. 


"WELLS.* — The term wells is usually restricted in its application to excavations by 
means of which water is obtained from, or admitted to, strata beneath the surface, able 
to admit of its passage in either an upward or a downward direction. In the former 
ease, the water is obtained from shallow or from deep-seated sources by what are 
usually called wells, or from Artesian borings. In the latter case, the foul waters of 
certain industries, or the excess of supply of land springs, in some instances are 
removed by what are called ^ dead'' or ^absorbing' wells. Strictly speaking, the 
excavations through which access is obtained to deep-seated mines, or to tunnels, 
and other under-ground operations, are wells; but it is more common to designate 
them by the term reserving that of wells to excavations formed expressly for 

the purpose of obtaining water, or for removing that which may he susceptible of 
becoming a nuisance. 

The description of weir to be adopted in any particular instance must depend not 
only upon the quantity required, but also, and to a much greater extent, upon the 
geological constitution of the district in which it is proposed to sink it, whether it be 
desired to form a supplying or an absorbing well. It becomes therefore necessary 
to state briefly the general conditions affecting the transmission of waters through 
under-ground strata. 

Most large hydrographical basins will he found to be bounded by the outcrop of 
some strongly-marked geological formation of an older date than the deposits con- 
stituting the principal portion of the district. In fact, there exists a remarkalile 
concordance between the external configuration and the geological structure of a 
country. The bounding ridge circumscribing any particular basin usually assumes a 
concave form, and is Med in with strata more or less conformable to it, or to one 
another ; and in the majority of cases, the lithological character of the more recent 
strata assumes a considerable degree of regularity in the alternations of the pervious 
and impervious beds Ming in the basin. Trom the hounding ridge to the outfall 
there exists naturally a general inclination of the surface j and, if the water-course be 
ascended in the opposite direction to that of its flow, the successive strata will be 
found to outcrop, over areas differing in extent according to their thickness and the 
angle of their dip. 

The rain-fall upon a basin of this description will be partially absorbed by the 
vegetation ; partly it will be removed by evaporation ; partly it will run off in the 
water-courses forming the superficial drainage of the districts; and the remainder 
will penetrate the permeable strata outcropping upon the surface. Of course there 
must he considerable difference in the quantities taken up by any or either of these 
agents ; for the cfrcumstances of the rain-fall, so far as regards its more or less equal 
distribution over the year, — the climate, — the more or less level character of the 
country, — will not only affect the volume of the water-courses, but also the evapora- 
tion, and the supply of deep-seated springs. It is, however, usually considered that 
about one-third of the total rrin-fall runs away in the superficial water-courses ; one- 
third is returned to the atmosphere by evaporation, or is absorbed by the vegetation ; 
and the remaining third penetrates the ground to supply the deep-seated springs. 

Should the surface of a large extent of country consist of permeable materials, such 
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as gravel, sand, and some descriptions of loam, tlie water soaking into the earth wEl 
descend through it until it meets with an impermeable stratum. As no hydrostatic 
pressure exists upon it, the springs fed by the water so descending cannot rise above 
the ground, and they are found to follow the laws regulating the flow of surface 
waters, excepting in so much as the friction of the materials traversed may serve to 
retard their motion. I’he greater portion of the water will collect in the lowest pait 
of the upholding stratum : if 'the sides be of equal height, and the dip of the latter 
regular, this will he found to be about in the middle of any depression; if, on the 
contrary, one side he •steeper than the other, the lowest part will be found to be 
nearer the steeper side. No springs of importance will be found at the heads of 
valleys, but they are usually to be met with at the intersection of secondary valleys 
with the principal one of the formation. As also occurs with surface waters, the 
volume yielded by any under-ground spring is proportionate to the length of the 
valley supplying it, and the latter is always greatest when the secondary valleys of a 
hydrographical basin form an acute angle with the direction of the main valley. 
The 'Conditions above stated actually exist in the district round London, where the 
Bagshot sand formations, and the gravels and loams formerly called diluvium, repose 
either upon the London clay or upon the chalk. 

If, in. the district supposed to be under examination, the strata consist of alter- 
nations of permeable and impermeable materials, and they successively crop out from 
under one another, forming a basin-shaped depression towards the centre,— the 
water falling upon the permeable strata will soak into them and fill the lower portion, 
if no outlet exist by which it may escape through the stratum upholding it in the 
other parts of its course, or by which it may rise to the surface with greater ease 
than it can continue its under-ground flow. Generally speaking, in a perfect basin, 
the latter condition does not exist ; the lower part of the water-bearing stratum, 
passing beneath an impermeable one, then becomes, as it were, gorged with water, 
and any excess arising from the upper parts is thrown olf at the surface by the 
springs, which serve as the overflow for such sriata. Should any artificial opening 
now be made through the upper impermeable stratum, a species of inverted syphon 
will be formed, in which the vertical branch, being at a level usually below that of 
the longer inclined leg, will afford an outlet for the pent-up waters. The waters in 
the subcretaceous, in some of the oolitic, and the old and new red sandstones, exist 
under these conditions in England and in France: the tertiary strata in the latter 
country exhibit these phenomena to a greater extent than in our own comrtry, 
although they may he observed both in the London and Hampshire basins. 

When therefore it is desired to obtain water from a formation known to be entirely 
superficial, the most favourable position for the search will be in the lower parts of 
the plain succeeding the intersection of the primary and secondary valleys. Such 
formations are rarely of great depth ; and as the hydrostatic pressure upon the under- 
ground stream is very small, if large supplies be required, it will be necessary to form 
a species of reservoir to store the water flowing during the intervals of its withdrawal. 
For small depths it is more economical to sink a well than it is to bore ; and as the 
size of the well usually enables it to perform the function of a reservoir, we find that 
water is almost always obtained from such superficial deposits by wells. 

The supply derivable from these sources is rarely of a sufficiently copious nature to 
satisfy the wants of a closely agglomerated population, and should the latter exist in 
the locidities where it is required to obtain water, it will almost always be found that 
the percolation of the drainage and sewage waters will affect the qualities of that 
which would, in such positions, find its way into the wells. Under these circum- 
stances it may firequently be found advisable to obtain a supply from the water- 
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bearing strata underlying the impervious superficial deposits, or even wh^ more than 
one water-bearing stratum exists, to resort to a lower one, rather than to a source 
I nearer the surface possessing any particular chemical nature. The water in such .• 

under-aground sheets, being subject to a pressure equal to that of a column of water 
whose height corresponds with the difference of level between the outcrop and the point 
where the opening is formed through the retentive upper strata, minus of course the 
loss of head arising from the friction in its traject, is able to flow into the aperture with 
a rapidity equal to that at which it is withdrawn. A much smaller excavation will then 
suffice to insure a constant supply, because in fact the lower water-bearing stratum 
constitutes a natural reservoir. It is in such cases that it is found advisable to resort 
to boring, or the formation of what really is a descending tube, whether lined, or not, 

^ with pipes, of a diameter sufficient to discharge the quantity of water required. 

From the circumstance that wells of this description were first employed in modern 
Europe in the province of Artois, they have acquired the name of Artesian Wells. 

Common wells. In the formation of common wells, the subjects to be considered are— firstly, the 
diameter and the depth to he given ; secondly, the manner in which the sides are to 
he consolidated ; and thirdly, the mode to he employed in raising the water. 

Dimensions. 1 . From what has been already stated, it must be evident that the two first 

considerations, with respect to the diameter and the depth of the well, are not 
susceptible of any absolute a ^nonV mode of determination. Local' circumstances will 
cause them to vary in almost every case, not only because the water-bearing stratum 
itself is of a different nature, but also because the rate of consumption from the well 
differs in each of them. A careful examination of the wells already executed, or a 
comprehensive geological survey of the surrounding district, are necessary before 
commencing such works. But it must always be borne in mind, that invaluable as 
are the indications of theoretical geology in this as in all other branches of engineer- 
ing, the inductions derived from it require to be verified by actual experiment. In 
the case of under-ground waters, for instance, if any interruption of the regularity of 
the substratum occur, either from a fissure or from an irregularity of form in the 
outline of the basin, such as often exists without any external indication, we are 
exposed to find that the conditions of the lower part of the stratum from which we 
expected to derive a supply of water may be very different from those we might have 
been entitled, a priori, to expect. The first attempts to derive water from any 
formation must therefore be always exposed to a certain amount of risk. 

Should any wells exist, the dimensions to be given to a new one to be formed in 
any locality will be ascertained by observing the height of the water-line in them at 
the different seasons of the year, and the rate of supply must he ascertained by 
observing the extent and manner in and to which the water may he lowered by 
pumping. In some cases also it may be necessary to ascertain the area of what may 
be called the contributing ground, in order to form a correct opinion as to the 
capabilities of the source of supply to meet any other demands which may arise. In 
no country in Europe does any legislation exist by which a right of property can arise 
with respect to the flow of under-ground waters. It is therefore possible that the 
supply may be cut off from a well entirely, or at least considerably diminished, by the 
execution of similar works in the immediate vicinity. Before founding any establish- 
ment depending upon its supply of water from such under-ground streams, it 
becomes essentially necessary to ascertain all the circumstances affecting the latter. 

When the extent to which it is possible to lower the water-line shall have been 
ascertained, the depth to be given to the well, and the position to be ascribed to the 
bottom of the rising main of the pump, will be fixed so that the latter shall always be 
bejow the surface of the water in the well, and that a sufficient quantity of water may 
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exist under it to maintain tlie efficient action of the pumps. A depth of from 4 to 6 
feet below the line of permanent depression will be sufficient for all ordinary- 
purposes ; a diameter of about 4 feet in the clear of the finished work wiU also be all 
that is required for domestic or small trade uses. 

2, The manner in which the sides of a well are to be lined, or as it is commonly- 
called sUined, will depend equally on the nature of the strata to be traversed. The 
objects proposed to be effected by such works are to prevent the incoherent materials 
of the sides from falling into the well, and to exclude occasionally such land waters as 
may be likely to contaminate those furnished by the lower stratum. In stiff clav, 
gravel, or chalk, of great consistency, a thickness of half a brick will usually suffice for 
the steining^ and in many cases it may be even executed without mortar. The thick- 
ness will naturally he increased if the strata are more exposed to slip, or if land 
springs are to be excluded : in the latter case it becomes necessary that the materials 
employed should be of a nature to resist permeation through their substance. 
Brickwork in cement of considerable thickness, and cast or wrought iron curbs, are 
frequently employed in such cases. 

The steining, of whatever materials it be constructed, is put together or built upon 
abottom curb made with a cutting edge, and the ground is excavated from beneath this 
curb equally all round. The curb then descends by its own weight, and is retained 
in its vertical position by means of guides ; the brickwork is added from the top, 
and this operation is continued until the curb will sink no longer, owing to the 
swelling of the ground: a new curb and new excavation are then begun, smaller than 
the last. In modern practice, wffien the ground is of a nature to maintain the already 
executed steining by its friction against the sides, or where there exist means of 
suspending the steining, it is usual to add the brickwork under the portions 
previously executed. It is impossible, however, to lay down any absolute rule for 
the execution of such works; the judgment of the engineer will suggest the modifi- 
cations required to meet any local peculiarity or difficulty, either arising from the 
configuration of a district, or from considerations of economy in the execution. 

3. The means to be employed in raising the water will depend upon the depth of 
the well and the extent of the demand, as also to a great extent upon the relative 
positions of the place where the water is to be used, and of the well. Tor ordinary 
purposes, buckets or hand-pumps will suffice. When large quantities are required, 
some of the modifications of water-raising machinery, already noticed in the article 
upon ‘ Water Meadows,' must be resorted to. 

Should further information on this subject be required, the reader is referred to 
Weale's * Elementary Treatise on Well-Digging and Boring.' 

In the construction of Artesian wells, the preliminary investigations require to be 
of a much more elaborate nature than those necessary before commencing an ordi- 
nary well, not only because the source of supply is found to exist at a gi*eater distance, 
but also because the uncertain element of the under-ground disturbances assumes a 
much greater importance ; and this is more particularly true when an attempt is made 
for the first time to reach a new source of supply. It is necessary to ascertain the 
relative heights of the outcrop of the water-bearing stratum, and its nearest overflow, 
with respect to the position of the proposed well, in order to arrive at some conclu- 
sion as to the probable height of ascension of the water when it shall have been 
reached. It is also necessary to ascertain the surface of the outcrop and the thickness of 
the water-bearing stratum in its passage beneath the retentive upper stratum, for upon 
these conditions wiU depend the capacity of the former to yield a constant supply. 
The existence of any fault or dislocation of the strata must also be carefully sought 

because, should exist, either the water contained in the permeable stratum 
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may find a more ready outlet to a lower level, or its circulation may be cut off from 
the particular part of the basin where it is proposed to place the well. 

In the tertiary strata, the conditions requisite to insure the success of an Artesian 
well are more likely to he met with than in the secondary formations. Generally 
speaking, the tertiary strata are composed towards their base of sandy permeable ma- 
terials, covered by impermeable clays or compact limestones, that is to say, of precisely 
the materials required to maintain a continuous flow of water, in case the upper mem- 
ber of the series be traversed. They are also less frequently interrupted by disturb- 
ances of the strata able to modify the subterranean hydrography, for there do not 
appear to have occurred any great geological cataclasms subsequently to their depo- 
sition. Their circumscribed areas also render it more easy to calculate the influence 
of the different phenomena affecting the flow of water within them. 

In nearly all formations, however, the general law prevails by which the base is 
constituted of a series of sandy permeable deposits, marking the epoch of change from 
one geological condition of the globe to that immediately succeeding it ; and these 
permeable deposits are covered by others of a totally different character. It almost 
always happens also, that the outcrop of the permeable strata occurs at an elevation 
superior to that of the position in which it is usually required to bore for water. In 
many cases also, compact limestones acquire the faculty of transmitting a subterra- 
nean current, either from their being traversed by great clefts, or from their being 
fissured in every direction. The chalk formation, perhaps, offers the most striking 
illustration of this condition, and it is principally from such fissures that the wells in 
the Artois derive their supply; but it is frequently to be met with in the lower secon^ 
dary formations, particularly in the carboniferous series. 

Of the Artesian wells already executed, the most numerous are those to be found 
in the basins of London, of Paris, of Modena, in the secondary formations of Tours and 
Rouen, and the whole of Upper Normandy, in the green sands below the chalk of 
Nancy, in the marls of the new red sandstones, and of Derbyshire and Lancashire in 
the same series of deposits. 

If we cannot predicate with certainty in what formations water will he found by 
means of an Artesian well, this much is known, that the primaiy and transition, 
or metamorphic, rocks are never likely to exist under the conditions requisite to 
insure its success. In them the subterranean currents can only permeate along the 
lines of cracks or fissures whose direction is sufficiently capricious to defy calcula- 
tions. Again, in sedimentary deposits much affected by geological disturbances, or 
in elevated districts which are not surrounded by the outcrops of a permeable stratum 
at a higher level, and passing beneath those to be operated upon, there can hardly be 
said to exist any reasonable prospect of success. It is only in regularly stratified depo- 
sits which have not been subsequently disturbed that there can he said to exist any 
certainty of obtaining a supply by the formation of an Artesian well. As will be 
shewn hereafter, the same theoretical reasoning upon the geology of a particular 
district applies equally to Absorbing Wells. 

Where many Artesian wells are sunk in the same formation, there results a diminu- 
tion in the rate of supply, which may seriously affect their value; so much so, in fact, 
as to render it doubtful whether some legislative interference be not required to main- 
tain the rights of the parties first applying the water obtained, at what must always 
he a considerable risk and a great outlay. The diminution of the supply from the 
original Artesian wells round London, from those of Tours, and from those near Mo- 
dena, owing to the unlimited formation of other wells, is a matter of public 
notoriety. 

In sinking an Artesian well, the first operation consists in forming an ordinary well 
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to a depth to be regulated by the yield of the water-bearing stratum and the probable 
demand ; at the bottom, a guide-pipe, able to admit the largest tools to be used in 
the boring, is to be fixed carefully in a vertical position, and above this, at the highest 
point to which the water can rise,, is to be placed the stage upon which the rods or 
other implements are to be put together. The sheer legs, or frame supporting the 
boring tools, are placed immediately over the guide-pipe, care being taken that there 
be sufficient height to allow of the easy withdrawal of the rods composing the tools, 
—these are usually made from 10 to 20 feet in length. Beyond the sheer legs are* 
placed the crab, or hoisting machinery, and the appliances by means of which the 
percussive action is communicated to the different tools. The latter necessarily differ 
according to the nature of the strata to be traversed, and it is found that every 
contractor modifies thena according to his own ideas, and according to the description- 
of power he may employ. However these details may he modified, the operations 
required to he performed at the upper level will still remain the same ; and they wilh 
consist in lowering the rods, turning the augers in soft strata, impressing a percussive 
motion in harder ones, and withdrawing the loaded tools or buckets. To effect these 
objects satisfactorily, will require great skill and attention, so as at the same time to * 
secure the greatest economy and despatch. Indeed there are few branches of engi- 
neering practice which require so much empirical knowledge as the boring of Artesian 
wells, or in which so much depends upon the skill of the contractor. By far the best 

work existing upon the subject was written by one of those gentlemen, M. Degoussee, 

and it would he impossible to refer the reader to any work more likely to convey- 
useful and practical information upon the subject than his ‘Traite de TArt des- 
Sondages,' 

In consequence of the improvements introduced of late years into the execution of 
Artesian wells, they can now be carried to depths varying from 1200 to IfiOO feet with- 
tolerable facilityv The diameter of the bore, and the greater or lesser degree of 
hardness of the rock, will, however, affect the rate of its progress, and consequently 
its price. In proportion, also, as we descend, the difficulties, and the time attending^ 
the separate operations, and the increasing danger of a rupture of the tools, tend to 
increase the cost; and, moreover, the time employed in lowering the tubes, and- 
the precautions to be observed in traversing any running sands, augment as the 
depth increases. 

A very important observation is to be made with respect to Artesian, w’ells, namely^ 
that the temperature of the waters they are likely to yield will be found to be 
regulated by the depth of the water-bearing stratum. The law of the increase of 
temperature in descending below the surface varies in almost every district. Thus, 
in Scotland, the mean rate of increase has been ascertained in the carboniferous 
series to he about 1^ Fahrenheit for every 48 feet in depth, after passing the point of 
uniform temperature. At Rouen, in the chalk formation, it was found in one instance 
to be 1*8 for every 67 feet 4 inches, and 1-8 for every 100 feet in another; whilst at 
Paris it was carefully ascertained to be about 1'8 for every 106 feet of vertical 
descent. In the well at the latter town the temperature of the water was found to 
be very nearly that which would he indicated by a theoretical calculation ; for the 
latter would have led to the conclusion that it should rise to the surface with a tem- 
perature of about 81^ 96'; and, in fact, it rises at the temperature of 81® 81' from a 
depth of not less than 1802 feet English. 

The practical details connected wiih the execution of Artesian wells are treated of 
in the ‘ Elementary Treatise on Well-Digging and Boring’ already alluded to. 

Absorbing wells. In many positions in our own country the practice of sinking dead wells for the 
purpose, oi parrying off the waste waters of certain factories exists very commonly. 
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They are, however, limited to excavations in the superficial strata, and are really 
nothing but shallow wells acting in an opposite direction to ordinary ones. This 
branch of engineering has escaped the notice of the legislature, Mke so many others 
connected with wells, and there does not appear to exist any law in England to 
prevent the evacuation of the foulest waters by means of dead wells, even when 
others for the supply of water for household purposes may exist in their immediate 
vicinity and be fed by the same stratum. It is more than probable that the con- 
tamination of the shallow wells observed in most large towns, on the Continent 
equally as in England, may be attributed to some such action, which must operate 
with a rapidity and an intensity proportionate to the quantities of water in the well 
and in the basin receiving them. 

It appears, however, that the injurious effect of dead wells does not spread to any 
great distance, for a work of that description executed at the Hospital of Bicetre, by 
means of which the foul waters of an establishment able to accommodate 4000 men 
were made to descend to a subterranean stream, did not affect tbe ordinary wells 
supplied by that stream, unless it were during very heavy storms, at a distance of 
from 500 to 700 yards. In tbe case of absorbing wells by borings, the remarkable 
ascensional power of the water also seems to be a guarantee against its being con- 
taminated by any foul waters let down from above. The danger would also, in all 
probability, be less if they were made to descend to a formation so absorbent and at 
the same time so shattered as the chalk, particularly in its upper members. In some 
localities wells are almost unknown, so that there may be occasions in which it 
would be advisable to adopt this means of removing foul waters, even should 
the use of dead weUs be attended with serious injury to the public health in other 
positions. 

It has been ascertained by direct experiment that any description of well can 
absorb as much water as it is able to produce. Thus, if a boring should yield 50 
gallons per minute, and its ascensional power cease at a yard from the ground, if the 
tube be prolonged for a second yard, 50 gallons per minute may be poured into the 
tube without the waters flowing over the orifice. 

If a boring yield 60 gallons per minute, and it be desired to make it absorb 500 
gallons in the same time, a pump able to remove tbe latter quantity is to be set in 
action, and notice to be taken of the extent to which it can lower the water-line. 
Should it be about 30 feet, for instance, it will be sufficient to lengthen the tube of 
the bore to a height of 30 feet above the natural water-line, and the quantity of 500 
gallons may be poured in. Of course, if the water do not rise in the bore to the 
surface, the absorption will be more rapid. 

Absorbing wells may be either formed in the same manner as ordinary shallow 
wells or by Artesian borings. In either case it is advisable to exclude surface or land 
waters ffiom them, and they should therefore be close-steined or piped. Precautions 
require to be taken to clarify the waters as completely as possible by deposition or 
filtration ; in fact, the solid matters in suspension must be removed, or the absorbing 
faces will become rapidly choked. It is easy to effect this object by farming a 
reservoir to receive the waters to be evacuated, and by carrying tbe end of tiie pipe 
some height above the bottom ; the deposit in the reservoir must be removed before 
it can reach the level of the entrance of the descending pipe, and it would certainly 
be preferable were the latter covered by a grating, or cap, able to retain the grosser 
particles. Should the absorbing surfaces become choked, it is easy to renew them 
by excavation or by the use of a boring auger with a hall-clack. But however well 
the operation of cleansing the absorbing faces may be performed, the useful action is 
never equal to that which originally took place; and it is therefore impossible to 
VOL. TII. 3 E 
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dwell too forcibly on the necessity for observing the greatest precautions in preventing 
the descent of any solid matters. 

One of the most useful applications of absorbing wells would be for the purpose 
of draining clay lands^ when the clay is of moderate thickness and it lies immediately 
upon a permeable substratum. The boulder clay of Norfolk and Suffolk, reposing 
upon the chalk, may be cited as an instance of the description of formation adapted 
to the application of this method. In many cases it would be found more econo- 
mical to sink an absorbing well, or even to make a succession of small borings, than 
to execute a great and expensive outfall-drain* 

Generally, unless the spring supplying a well be of a nature to maintain a constant 
flow and interchange of its water, it must always be borne in mind that the latter is to 
a great extent stagnant. Its qualities must, therefore, participate of those of all stag- 
nant waters, and as such be more or less objectionable on account of its want of aera- 
tion, and the partial decomposition which must affect them. An equally important 
ohseiwation is, that well-water is exposed to take up the soluble salts contained in 
the materials it traverses. It is indispensable then that only such materials be employed 
as are not likely to furnish any injurious salts; that in fact, as was observed in the 
article upon the ^ Water Supply,* silicious stones, or hard-burnt bricks, or iron tubes, 
should be used in preference to such stones as would he likely to give forth the 
sulphates, or carbonates, of lime. 

The reader is referred, for further information upon the whole subject of wells, to 
Mr. J. Prestwich on the Water-bearing Strata of London, &c. — Mr. Clutterbuck and 
Mr. Dickmson*s Papers on tbe Water Supply of London — Mr. Stephenson*s and Mr. 
Homersham*s Reports on the Watford Spring Water Company, &c. — to the different 
Reports on the Metropolitan Water Supply and the Health of Towns — Amedee 
Burat’s Geologie appliqu^e — Degoussee, Guide du Sondeur — the detached Papers by 
M. B*Archiac and the Abb4 Paramelle, MM. Hericaut de Thury, Gamier, and Emery — 
IjCs Annales des Mines—Nieues Jahrbuch fiir Mineralogie und Geognosie. A long 
Report upon Absorbing Wells, by MM. Girard and Parent Duchatel, will be found 
in the Annales des Fonts et Chaussees for 1835. 
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ZIG-ZAG-fc- — An insignificant term in itself, but important in siege operations; 
zig-^zag being the principle on which the attack of places is based ; and this mode of 
approach had long been in use in a rude way, until perfected by Vauban. 

Zig-zag is not only the proper course by which to advance in sieges, but it is the 
method of connecting the parallels and places of arms, and finally arriving at the 
close of the attack or breaching batteries, and the work is usually effected by Sap. 

The object of making zig-zag a special subject for the ‘Aide-Memoire* is to sug- 
gest the application of this mode of advancing to irregular attacks of posts, barriers, 
and stockades, and thus saving many valuable lives, with the loss of a yery little time; 
and by taking advantage of some hollow or natural cover, or of some adjacent build- 
ing, a few Sappers could run a zig-zag up to the work in two or three hours, under 
the protection of musketry-fire, and finally place a quantity of gunpowder for forcing 
the gate or barrier, or the destruction of a stockade or other slight defence, such as 
savages or insurgent inhabitants throw up on the spur of the moment* 

The foRbwing example will shew how this idea may be applied : 
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Supposing it desirable to force a work a, an approach may be comraenced from the 
hollow B, and a ziz-zag carried up to the entrance n, forming a short line of Sap, 
c D, where a quantity of powder could he fixed at the point d, which would on the 
explosion enable the attacking party to rush from the hollow, and, taking advantage 
of the confusion, carry the work. — G. G. L. 




NOTE ON THE SUBMARINE TELEGRAPH, 

Referred to in p. 673. 

The Editors deem it necessary to give a brief account of the military operations at 
Dover on the opening of the Submarine Telegraph. The firing of a gun by means of 
the chains submerged in the Channel between England and France was produced 
by Voltaic Electricity upon Dr. Wollaston's principle, in twenty batteries connected, 
each having twelve pairs of plates 4^ inches square, — the number of the plates, not 
their size, being more important to produce the desired effect. 

The nature of the chain or connecting wires, about 25 miles in length, is explained 
by Mr. Highton ; but the merit of producing the explosion, without reference to the 
telegraph, which is worked on the patent of Messrs. Cooke and Wheatstone, appears 
to be due to the Proprietors of the Gutta Percha Company, City Road, London. 

The discovery of the application of sulphuretted gutta percha to explode, or rather 
to occasion a spark to be produced when the circuit is complete from the voltaic 
battery, without any limit as to distance, so as to ignite any explosive substance like 
gunpowder, arose out of the numerous experiments consequent upon the various 
operations performed in the interesting establishment already mentioncd- 

On the opening of the Submarine Telegraph, the two ends of a copper wire (say 
^th of an inch in diameter, covered with gutta percha) were placed a quarter of an 
inch apart, and the intermediate space filled with the sulphuret : when the current 
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from the battery was completed, a brilliant spark was produced. The application of 
this discovery was by wire bent in the form of the letter V, closed, and fixing its 
end into a cartridge filled with fine gunpowder : platina wire is not used or required. 
The principle of this effect is attributed to the electric current being impeded by 
the non-conductor, the sulphuretted gutta percha, which produces the vivid spark 
above described. 

The Gutta Percha Company invariably use the small copper wire (gauge ^th of 
an inch), covered with two coatings of gutta percha, and the power of producing 
ignition depends entirely upon the number and strength of the voltaic batteries, which 
may be thus described. 

Size of battery plates, 3^ x 4|- inches ; the zinc ^th of an inch thick ; the copper 
^^^nd. Plates as above form the most useful battery : for the fuse plates, one-half 
the size will answer, but the battery is sooner spent. 

The plates should be 1 inch apart, and the intermediate spaces filled with fine sand, 
moistened, when wanted for use, with sulphuric acid and water, in the proportion of 
1 fluid part of acid to 15 fluid parts of water. 

The battery must be arranged for intensity; the copper plate of each cell or each 
set of cells must be connected to the zinc plate of the next, and so on. The small 
sized battery requires vertical plates, If x 2f inches. 

The Gutta Percha Company prepare the wires and cartridges used for mining and 
blasting, but they have not taken out a patent for their discovery ; and they have 
most kindly afforded to the Officers of the Corps of Royal Engineers a full explana- 
tion of the means by which the mode adopted at their manufactory may be rendered 
available to military uses. 
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520 — 6, after not more wmrt than 

520 — 12, /or to advantage read with advantage 

540 — 10, /or on read on; line 11, /or ou read on 

540 — 18, /or effet read efFets 

In list of plates erase Field, Fort, L, II., III., and insert this in list for vol. ii. 
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Journal of Sieges in Spain, by General Sir J. T. Jones, Bart,, K. C. B. and R.E. 
Ordnance Manual of the United States Army. 

Instructions for Field Batteries of Royal Artillery. 

Professional Volumes of the Corps of Royal Engineers. 

Parliamentary Reports. 

On the Construction of Roads, by H. Law, C.E. 

On the Steam Engine, by Dr. Lardner. 

Medical Works of the late Dr. Fergusson, Inspector-General of Military Hospitals. 
Sieges in India, by Lieutenant Lake, Madras Engineers. 
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1 — 3, /or premier premiere 

1 — 5»/or Ingenieur rcai Ingeniews 

25- — 21,/or on reaeZor; line 40, /or circle roof? roof 

26 — 1 3, /or and capable roo£? and are capable 

29 — 3, /or bastions roof? bastioned 

30- -15,/or of root? on 

30 — 4th from bottom, /or so weak that reof? so low that 
30- — 4th from bottom, /or must rood can 
36 — 7th from bottom, /or defences rood defence of the 
38— 3rd from bottom, /or returning rood re-entering 

42 — note t, /or de Zostrew rood von Zastrow 

43 — 10, /or sans exposer rood sans s'exposer 
47 — 4th from bottom, /or resort rood stage 

49— 3 2, /or wants they rood articles it 

50— 25, /or right rood left 

50— 39, /or Laar-louis rood Saar-louis, and for Glogan read Glogau 
54 — last line, erooo length of the 

55 1, /or concave rood hollow; line 17, /or line rood letters 
56 — 2, /or attainments rood results 

56 — 16, /or how other parts might rood how might other parts 
56— 18, /or spared rood saved 
63 — 11, f/?er thrown ewoor? up 

69— 2nd from bottom,/or 7 read 5 ; 9th from bottom,/or 5 rood 7 

/O — 5, /or 9 read 10; line 6, /or but only read till; line 9, /or 10 rood 9 

70 — 3rd from bottom, /or who rood they 

71— 21, hfore Fuze for mines imert Fuze, see p. 185, and ' Pyrotechny' 

190 — 1, /or higher rood lighter 

191— 8, /or these rood their 

210 — 7th from bottom, /or investing read mounting 

211 — 12, /or patient rood patience 

212 — 14, /or habiliments rood implements 

213 — 1,/or consist of rood prove 

231 — 4th from bottom, /?r arches rood arcs 

246— note, /or W. Starkey rood \V. Stockley 

278 33, erase It is, owd/hr which has been rood must be 

278— 40, o/Vor marble a«oorHime 

35, /or Beregina read Berezina 

oU8 — 2b., for marked rood masked 
316 — 15, /or thickness rood thicknesses 

341—28, after ^vision imert on account of its ; and for the division of marines 
■■ read it . 

362— 4th from bottom, /or formula rood formulae 

366 — 5th from bottom, /or contains read occupies 

389^ from bottom, /hr mine is detached read miner is attached 

545- — 13,/or levelled rood lined 

. / VOL. m. 

“^0 22, after or insert from ; and for within read namely 

44— 6th from bottom, /hr admit read which; and, for attached and rood attached, 

■' may. be '■■■.. . . . ' ■■ , ■■ 

45— 16, before over insert and stretched ; and for as read for 

46— 17, /or platforms read platform baulks 

47 — 8, /or the baulks read five baulks 

48 /, after sufficient insert having given way 

48 — 21, after over insert it 

91— 4th from bottom, read I = 39-01677 + *20027 sin 
122— 5th from bottom, /or singlement read simplement; and for la read le 
1 rtE diminuee read augmente ou diminue 

125-— 4th from bottom, /or or read when be 
587— 9th from bottom, /or Lieut.-General read Colonel 
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24-pr., 8 feet long, 41 cwt 


Bo. 

12-pr., 6-|- 
Bo. 5 
6-pr., 

Bo. 

Bo. 

Bo. 

3-pr., 

Bo. 


8 

5 

5 

W: 
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16 „ 
21 „ 

9 „ 

m » 

lOi „ 

9 „ 

5-^ to 6 

m „ 
2 | „ 


Ammuzette, 1-pt., 
Mortars, 134nch, 
10 „ 

Howitzers, lO „ 


6 feet long, 2Jcwt. 


27 cwt. 
14 „ 

4f „ 

n » 


After the year 1790, the guns for Field Service w'ere 
12-pr., 6| feet, 21 cwt. 


Bo. 6‘|' ,, 18 ,, 

Bo. 5 „ 12 ,, 

9-pr., 6 „ 13| „ 

6-pr., 7 „ 12 „ 

Bo. 5 „ 6 „ 

Battalion Guns, Bo. 4-| „ 6 „ 

(discontinued 3-pr., 6 „ 6 >, 

about 1802,) Bo. 4 „ 3 „ 

Bo. 3 „ 2f „ 

n „ 


Mortars, 13-inch. 

10 „ 

'■■'.8 „ ■■ 

5i’ . ■ 


Howitzers, 10 
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r heavy, 
’U light, 


4f „ 


12f cwt. 

64 


27 

14 

10 

4| 

24 


Ammuzette, 1-pV., 5 

List of Iron Ordnance used for Land and Sea Service in the Year 1849. 
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10-inch 
shell gun. 


These guns have 
been adopted 
into the Ser-i 
vice since the 
year 1828. 


The guns marked 
thus * with one 
asterisk have 
been in the Ser- 
vice since 1782, 
and some of 
them for half a 
century before. 

Those marked * * 
with two aste- 
risks have been { 
adopted since 
1828. 

Those marked or, 
dfC, and 32 prs. 


8-inch 
shell gun. ^ 

68-prs. ' 

56 „ 

42 „ 


32 „ 


24 


Ft. In. 

Cwt. 


9 4 

83 

for Naval purposes only. 

9 0 

65 

for the General Service. 

8 10 

8 0 

60 

52 

j^for the Naval Service. 

6 84 

50 

for the Land Service. 

10 10 

112 

do. 


10 

9 


11 0 
10 0 


10 

10 

9 

9 

9 

9 


8 0 
9 0 
8 6 


6 0 


95 

88 

98 

87 

84 

.75 

67 

64 

56* 

4(j** 

48 to 50** 
a 50 
b 45 
c 42 
41** 
40^* 
39** 
32** 
25 
25 
50* 
48* 
33* 
20 * 


J 

} 


^ for the Naval Service. 

[ for General Service. 

for the Land Service, 
do. 

for General Service, 
for the Naval Service, 
do. 

I forthe Naval Service only. 

j. for the Naval Service. 

for General Service, 
forthe NavalService only, 
for the General Service. 

ifor the Land Service. 
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6 ft. & 25 cwt., I 
liave been in- | 
troduced since 
1839. 


Carronades. 



Ft. 

In. 

Cwt. 


r 9 

0 

42^ 

18-prs. - 
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20’!' 


5 
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12 „ 

9 

0 

34* 


6 

0 

21* 

6 

■ 6 

6 

18* 


6 

0 

17* 

68 „ 

" 6 

4 

36 

42 „ 

4 

6 

22 

32 „ 

4 

0 

17 

24 J 

3 

9 

13 

18 „ 1 

3 

4 

10 

12 

2 

8 

6 

9 „ 

4 

0 

8 

6 „ 

2 

9 

4f 


for the Land Service, 
for General Service, 
for Naval Service. 

for the Land Service, 


but little used in either 
Land or Naval Sei’- 
vice. Some of them 
^ form part of the anna- 
ment of Vessels of the 
old classes. They are 
occasionally used in 
flanks of works. 


APPENDIX II. 


Comparative Twu> of Horse and Brigade Artillery, hj Major-General Sir Rolert 
Gardiner^ of the Royal Artillery.^ 

“An objection has been put forth by persons who can know nothing of the 
Services, against the employment of horse artillery. There can be no greater 
mistake than to put in rivalry or comparison, or to expect the same results from, 
the employment of horse artiUery as of brigade artillery: though one and the same 
arm, they are equipped and intended for totally distinct purposes. The necessary 
quick movements of the horse artillery could not be attained by 9-pounders : the 
telhng effects of 9-pounders could not be expected from horse artillery. One is 
intended to act with cavalry, and, from the nature of its equipment, and the lightness 
of Its metal, is expected to maintain at all times, and under all circumstances, of bad 
roads, of rough, hilly, or broken ground, the same pace as cavalry; and, in short, to 
bring artillery into action wherever cavalry can act. 

“ One unquestionable advantage held by horse artillery over artillery differently 
equipped, is to be able to move, manoeuvre, and bring guns into action, in a country 
and under circumstances in which it would be impossible for other guns, differently 
homed and equipped, to move at all. I can name two instances in which, whfle 
actmg with cavalpr, any other than horse artillery would have been perfectly useless. 
One, the affair of Morales in Spain; the other, the movement from Quatre Bras to 
the positaon of Waterloo. Both were especiaBy movements of horse artiUery, and 
both fairly tned the wind and speed of our horses. In the latter movement particu- 
larly, through a heavy cross country, any artillery, differently equipped, would have 
inevitably fallen into the hands of the enemy. 

‘‘ In all light movements of the infantry of an army, horse artOlery is as indispens- 
ably necessary, and as exclusively effective, as it is with cavalry. I have myself in 
case of reconnaissances, been withdrawn from the cavalry for the moment, to cover 
movements in which heavier artUIery could bear no part. 

“ I would in^ce also occasions in which brigade artiUery always failed, and fre- 
quently exposed themselves to unavailing danger in the attempt. On one occasion 


!-n Numerical Deficiency, IVant of Instruction, and inefficient 

Equipnaent of the Artillery of the British Army,^ 
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83, Book-Keeping and Commercial Phraseology, by James 

Haddon, M. A., King’s College, London . . . . 
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gation of the construction of some of the Tables contained therein ; they also 
contain numerous easy Examples,— Rules at length for finding the latitude and 
longitude and variation of the compass, and also their investigation,— 'thus 
rendering it complete, without reference to any other work on the subject. 
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102. Rudimentaiy Integral Calculus, in which the Principles are also clearly 

elucidated, by Homersham Cox, M. A. of Cambridge . 1^. , 

103. Collection of Examples of the Integral Calculus, vol. i. by 

James Hann, Professor, King’s College . . . 1«. i 

104. - — the Differential Calculus, vol. ii. 

by J. Haddon, M. A., King’s College , . . , U. 

105. - and First Mnenaonical Lessons in Algebra, Geometry, and 

Trigonometry, by the Rev. Thos. Penyngton Kirkman, 

M.A., Rector of Croft-with-Southworth, Lancashire . la.Oef. 

This volume, which contains more than the usual number of pages, is an excellent 
accompaniment to the 21 preceding works. 


NEW SEMES OP "LONDON,’ 

A new Series at 1^. eacli, developing in Ten Sectional Divisions, 

for the convenience of the Industrial Classes, i 

THE METROPOLIS OP THE BRITISH EMPIRE 
AND ITS NEIGHBOURHOOD, 

Described and elucidated by an Exposition of its History and Antiquities : 

' ' INCXUXUNU ' 

The History of the Corporation of the ancient City of London -^its Arts, Trade, 
and Commerce — its Architecture, Cluh-Houses, Docks, Picture Galleries, Scientific 
Institutions and Public Libraries, Astronomical Observatories in and near London, 
and other interesting and useful information, amply described and illustrated. 

The following opinion of the whole combined as a volume has been expressed 
by a periodical of the highest standard, devoted to literature and the arts : 

A volume of nearly a thousand closely printed pages descriptive of everything that can 
interest the stranger or the resident, profusely embellished with more than two hundred care- 
fully executed wood-cuts of the principal points of interest in its thoroughfares, and a newly 
constructed Map by Mr. Lowry, cannot he otherwise than acceptable to the mass of visitors 
to the Metropolis at the present time. When we add that all this is produced at an exceedingly 
moderate cost, we cannot but feel that Mr. Weaie’s work was suggested by higher than mere 
trade notions,— by a wish, in fact, to be serviceable to all who wanted such services. Throughout 
we trace a careful desire to be accurate and a freedom from a mere common-place laudation of 
certain pet places which are stereotyped for praise, such as the view from Richmond Hill and 
other localities. With such a book as this none but the hypercritical could be dissatisfied. 
In going over so large a field, and the vast amount of pains taken, the insignificance of a few 
slips of the pen render them venial. We cannot but feel the superiority of a work of this kind 
to some more ambitious hand-books, which are made up by a pastc-ahd-scissors process, with an 
abundance of quotations from old books, containing mere nominal allusions to places and things, 
void of all interest but that which the philosophical inquirer may need in noting the misdirected 
ingenuity of the compiler. Mr. Weale’s book takes a higher position than these, and he is justly 
entitled to higher reward. His volume is a sensible and useful guide.’* — Ari-Uhion Journal, 
Sept 1851. 

1 . London. — Section i. The Physical Geography of the Basin of the Thames 

— II.. Climate— 7 III. Geology — iv. Natural History— v. Statistics — 

Spirit of the Public Journals — * Times’ Printing-press — ^vi. Legislation 
and Government, Municipal Arrangements, Police, Postal Arrange- 
ments — Banking — Assurance Offices — Export and Import Duties. 
Wood^cuts of * Times’ Machine 

2. Architecture — Remarks on its History— the Towei? — Temple 




NEW SEBIES OF ^ LONDON^ 

Church —Westminster Abbey — St. Stephen's Chapel— St. Paul's — 
Churches, including those by Sir C. Wren, Inigo Jones, Sir W. Cham- 
bers, &c. 30 wood-cuts, interior and exterior of Churches 
LONDON.— Somerset House— St. Paul's before thef re— Almshouses— Arts' 
Manufactures, and Trades— Tables of Life Assurance Companies, with 
the Rates of Premiums— Asylums— the Bank of England— Baths and 
W'ashhouses — Bundings for the Labouring Classes — Breweries — 
Bridges— Canals— Cemetery Companies— Club-Houses. 27 wood-outs 
- Club-Houses — Churches — Colleges — an elaborate account of 

the Privileges and Constitution of the City of London, a special article 
Customs, Custom House, Docks, and Port of London — Royal Dock- 
yards, with plans — Ducal Residences — the Electric Telegraph — Educa- 
tion-Engineering Workshops— the Royal Exchanges, Coal and Corn 
Exchanges— Coffee Houses, &c. 30 wood-cuts of Club Houses, the 
Docks, and the three Royal Exchanges, plans and elevations 

Galleries of Pictures.— Succinct account of all the Pictures, with 

the names of the Masters, in the Galleries and Collections of Lord Ash- 
burton — Barbers' Hall, City— Bridewell Hospital— Thomas Baring, 
Esq., M.P. the Society of British Artists — British Institution — British 
Museum— the Duke of Buccleuch— Chelsea Plospital— the Duke of 
Devonshire— G. Tomline, Esq., M.P.— Dulwich College— the Earl of 
EHesraere— the Foundling Hospital— School of Design — Greenwich 
Hospital— Vernon Gallery— Grosvenor Gallery— Guildhall— Hampton 

M.P.-St. James's Palace 
— H. A. J. Munro, Esq. — Kensington Palace— the Marquis of Lans- 
downe the National Gallery — National Institution — the Duke of 
Northumberland— Lord Overstone— Mr. Sheepshanks— Lord Garvagh 
—Earl de Grey— Lord Normanton— Sir Robert Peel— the Queen's 
GaUety, Buckingham Palace— Samuel Rogers, Esq— Royal Academy 
—Society of Arts— the Duke of Sutherland— Lord Werd— the Marquis 
of Hertford-the Duke of Wellington -Whitehall ^hapel-WinLr 
Castle, &c. 13 wood-cuts , 

— ™ Gas Works and Gas-lighting in London - Gardens, Conser^ 
vatones, Parks, &c. around London, with an account of their for- 
mation and contents. 21 wood-cuts of the principal Conservatories, 
Garaens, &C. . . , , ^ ' 

- Mis, Hospitals, Inns of Court— Jewish Synagogues— Schools, 

Learned Societies, Museums, and Public Libraries-Lunatio Asylums 
— Markets-Mer^ntile Marine-the Mint-Music, Opera, Oratorio 
Musical Societies, &c. 17 wood-cuts ... 

— — Obsmatories in London and its Vicinity-Observatories and 
Astronomic^ Instruments in use at Cambridge and Oxford, with 20 
tatamlnte of Observatories, and of Astronomical 

-— Patent Inventions in England-PilbHc and Private Buildings’ 

' cnticisms on the taste and construction of them— Plouses 

of Parliament— Prisons, &c. U wood-cuts 

~r“ Stations in London— Sewers— Statuary— Steam Navi-' 

gation on the Thamesr— The Works of the ThamPR 







